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Original file contains drawings, these are
non copyable.
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Department of Energy
San Francisco Operations Office
1333 Broadway
Oakland, California 94612

DEC 5 1930

Mr. John A. Cerino

Chairman, Safety Committee

Stanford Synchrotron Radiation Laboratory
SLAC, BIN 69, Box 4349

Stanford, CA 94309

Dear Mr. Cerino:
RE: Human Subject Research at SSRL

Thank you for clarifying the situation at SSRL concerning the use of human
subjects. I spoke with Dr. Susan Rose this morning and relayed to her your
assurance that there is no work involving the use of human subjects going on
at SSRL at this time.

For reference, enclosed are copies of two letters recently sent to Dr. Burton
Richter and Eugene Rickansrud and DOE Order 1300.3 (8-23-90) -- Policy on the
Protection of Human Subjects. Additionally, Dr. Rose’s address and telephone
number are included below. .

Thank you again for your help.

Energy Research Division
Enclosures: As stated

cc: Dr. Susan L. Rose, ER-73
Radon Program Manager
Human Health and Assessments Division
Office of Health and Environmental Research
U.S. Department of Energy
Washington, DC 20545
(301) 353-4731 or FTS 233-4731
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. Department of Energy

San Francisco Operations Office
1333 Broadway
Oakland, California 94612

0CT 1 6 1990

Mr., Eugene B, Rickansrud
Associate Director
Business Services Division
Stanford Linear Accelerator Center
P. O. Box 4349
~ Stanford, CA 94305
Subject: DOE Order 1300,3 - Policy on the Protection of Human Subjects
Dear Mr., Rickansrud:
The subject Directive is provided to you for information, by authority of SAN

MD 4210.1E.

If you have questions in regard to this DOE Order please feel free to call

Joseph Aaron of the Energy Research Division on (#15) 273-6421,

Sincerely,

Contracts Management Division

>~¢w b
(’/////joann P. van Guillory, Acting Director

1 Enclosure
As stated
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Department of Energy .fi 1YY b/
Washington, DC 20585 e . .

August 16, 1990 ¥

XTES X . : ’
Dr. Burton Richter _/////,/’

Director

Stanford Linear Accelerator
Center

P.0. Box 4349

Stanford, California 94309

Dear Dr. Richter:

Some time ago the Office of Energy Research wrote to the Managers of the
Department of Energy (DOE) Operations Offices in reference to draft DOE Order
1300, "Policy on the Protection of Human Siubjects." Under the draft Order,
this Office has the responsibility for assuring appropriate implementation and
"compliance for the entire DOE system. We have asked the operations offices -
for a point of contact for human subject research related activities, and have
subsequently asked a number of DOE contractors to identify individuals within
their organizations who could be similar points of contact. In an effort to
reach all DOE and DOE contractor organizations regarding this program, I am
writing you to ask that if your organization may be involved in any human
subject research, even as a collaborator, you name an individual as a point of
contact. :

Human subject research responsibilities in the Department have been assigned
to Dr. Susan L. Rose, ER-73, Human'Health and Assessments Division, Office of
Health and Environmental Research. #®lease provide her, in writing, the aame
of a point of contact for these activities withifd your office. If you do not
have human subject research, according to the definition provided in the
attached fFederal Model Policy, please so state in writing to Or. Rose.

For your information, I have enclosed the November 10, 1988, Federal Register
notice of proposed rulemaking for the "Protection of Human Subjects." The
final version of this notice will replace the current DOE CFR Part 745
(enclosed), and will be the policy under which DOE facilities will operate.
Also enclosed is a draft of DOE Order 1300, "Policy on the Protection of Human
Subjects,” which is expected to be published in the near future.

Sincerely,

James F. Decker
Acting Director
_ Office of Energy Research
Enclosures

cc: D. W. Pearman, Jr., Manager
San Francisco Operations Office
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U.S. Department of Energy ORDER

Washington, D.C.

gt ! DOE 1300.3
8-23-90

SUBJECT: POLICY ON THE PROTECTION OF HUMAN SUBJECTS

1.

PURPOSE. To establish the Department’s responsibilities for implementing
policy set forth in 10 CFR Part 745, Protection of Human Subjects.

SCOPE. The provisions of this Order apply to all Departmental Elements
and all contractors and subcontractors performing work for the Department,
as provided by law and/or contract, and as implemented by the appropriate
contracting officer. This includes non-DOE funded work at DOE-owned,
-leased, or -controlled facilities. .

REFERENCES.

a. DOE 4300.2A, NON-DEPARTMENT OF ENERGY FUNDED WORK, of 12-19-86, which
establishes the policy, responsibilities, and procedures for authorizing
and administering non-DOE funded work performed under DOE contracts.

b. Title 10 CFR Part 600, DOE Financial Assistance Regulations, which
provides the policies and procedures for administration and management
of all DOE financial assistance activities.

c. Title 10 CFR Part 605, Office of Energy Research Special Research Grants
Program Regulations, which provides the policies and procedures for the
administration and management of basic and applied research grants
awarded by the Office of Energy Research.

d. Title 10 CFR Part 745, Protection of Human Subjects, which sets out
DOE’s regulations for protection of human subjects involved in research
activities.

e. Chapter 9 of Title 48 of the Code of Federal Regulations, Department of
Energy Acquisition Regulations (DEAR), which provides the contracting
policies established for DOE.

BACKGROUND. In December 1981, the President’s Commission for the Study of
Ethical Problems in Medicine and Biomedical and Behavioral Research
recommended and proposed a uniform set of regulations, based on those of the
Department of Health and Human Services, to be adopted by all Federal
agencies and departments conducting human subject research. A proposed
model Federal Policy for the protection of human subjects was published in

DISTRIBUTION: INITIATED BY:
A1l Departmental Elements Office of Energy Research



DOE 1300.3
8-23-90

the Federal Register on November 10, 1988, establishing this uniform set of
regulations as a common rule. This Order implements 10 CFR Part 745, as
currently written, and at such time that it is amended to conform with the
common rule.

DEFINITIONS.

a. Assurance (Multiple Projects, (or) Single Project) means the written
documentation, satisfactory to the Secretary of Energy, required from the
prospective performing institution that assures institutional compliance
with and implementation of DOE regu]at1ons for the protection of human
research subjects.

b. Certification is the official notification by the institution to DOE,,
in accordance with the requirements of 10 CFR Part 745, that a research.
project or activity involving human subjects has been reviewed and
approved by an Institutional Review Board in accordance with an approved
assurance (see paragraph 5a).

c. Contracting Officer is a person authorized to enter into, administer,
or terminate contracts, financial assistance awards, and sales contracts
and to make related determinations and findings.

d. DOE Contractors are entities who receive awards from DOE, including
management and operating contractors (M&0), which manage, operate, or
provide site services to DOE research or production facilities that are
princirally engaged in work for the Department.

e. DOE Facilities are any of the DOE-owned, -leased, or -controlled
facilities.

f. Field Organization is a general term for any officially established
Departmental component (excludes individual duty stations) located
outside the Washington, D.C., metropolitan area.

g. Human Subject is a living individual about whom an investigator
(whether professional or student) conducting research obta1ns (1) data
through intervention or interaction with the individual,

(2) identifiable private information. "Intervention" 1nc1udes both
physical procedures by which data are gathered (for example,
venipuncture) and manipulations of the subject or the subject’s
environment that are performed for research purposes. "Interaction"
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DOE 1300.3
8-23-90

includes communication or interpersonal contact between investigator
and subject. "Private information" includes information about behavior
that occurs in a context in which an individual can reasonably expect
that no observation or recording is taking place, and information which
has been provided for specific purposes by an individual and which the
individual can reasonably expect will not be made public (for example,
a medical record). Private information must be individually
identifiable (i.e., the identity of the subject is or may readily be
ascertained by the investigator or associated with the information) in
order for obtaining the information to constitute research involving
human subjects.

h. Informed Consent is the legally effective consent by the human research
subject, or the subject’s legally authorized representative, to
participate in research covered under this policy.. It is obtained
after providing to the subject the basic elements of informed consent
as set forth in 10 CFR Part 745. Informed consent documents shall
include disclosure of all potential risks and related consequences or
adverse effects, as well as any benefits that may occur as a result of
such participation.

i. Institution is any public or private entity or agency (including
Federal, State, and'other agencies).

j. Institutional Review Board (IRB) is a board or committee charged with
the responsibility for review of research activities involving human
subjects conducted at, or sponsored by, the institution and approved
by the Department of Health and Human Services (HHS) or.the DOE. The
composition of the IRB and details of its procedures and
responsibilities are specified in 10 CFR Part 745 and included in the
multiple, single, or other project assurance.

k. IRB Approval is the determination of the IRB that the research has been
reviewed and may be conducted at an institution or facility within
the constraints set forth by the IRB and by other institutional and
Federal requirements.

1. Minimal Risk means that the probability and magnitude of harm or
discomfort anticipated in the research are not greater in and of
themselves than those ordinarily encountered in daily life or during
the performance of routine physical or psychological examinations or
tests.

m. Management and Operating Contractors are those contractors designated
by the Secretary in accordance with DOE policies.
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DOE 1300.3
8-23-90

Non-DOE Entities include other Federal agencies, State, regional, and
Tocal governments; educational institutions; private individuals,
commercial firms, non-profit or not-for-profit organizations;
international bodies; and foreign governments, individuals, firms, or
organizations.

Non-DOE Funded Work is any work performed for non-DOE entities that
utilize DOE facilities or contractor personnel and which is not funded,
wholly or in part, by DOE.

Program Secretarial Officer (PSQ) is a Secretarial Officer of the
Department who has responsibility for research and development missions
and Departmental programs.

Research is a systematic investigation, including research development,
testing, and evaluation, designed to develop or contribute to
generalizable knowledge. Activities which meet this definition
constitute "research" for purposes of this Order, whether or not they are
conducted under a program which is considered research for other
purposes. For example, some "demonstration" and "service" programs may
include research activities.

POLICY. It is the policy of the Department of Energy that:

The rights and welfare of human subjects involved in research supported
or sanctioned by DOE be protected in accordance with 10 CFR 745.

Until the requirements of this Order and 10 CFR 745 have been met, no
research activity involving human subjects shall be initiated.

RESPONSIBILITIES AND AUTHORITIES.

a.

The Secretary establishes Department of Energy policy for the protection
of human subjects consistent with 10 CFR 745.

Director of Energy Research (ER-1) is responsible for the implementation
of 10 CFR 745 within the Department in accordance with policy established
by the Secretary.

Associate Director for Health and Environmental Research (ER-70).

(1) Develops and implements procedures on the protection of human of
human subjects.

(2) Prepares and updates guidance to be followed for obtaining approval
for human subject research.
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DOE 1300.3
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(3)

(4)

(5)

(6)

Approves all human subject assurances, negotiations, and
evaluation processes. ER-70 may delegate authority for the
evaluation and negotiation processes to the Heads of Field
Organizations.

Reviews all research with human subjects for compliance with DOE
regulations and Orders and applicable Federal regulations. In a
timely fashion, approves, rejects, or requests additional
information on proposed work and provides written determination of
human subject compliance to the PSO or appropriate Head of Field
Organization.

Investigates allegations of noncompliance with 10 CFR 745 and this
Order, and recommends to the PSO or Head of Field Organization
appropriate action required.

Serves as the official DOE representative on the Interagency Human
Subjects Coordinating Committee.

d. Program Secretarial Officers or their Designees.

(1)
(2)

(3)

(4)

(5)

Implement the procedures established by ER-70.

Review all proposals and applications to identify research
involving human subjects.

In accordance with procedures developed by ER-70, request
determination of compliance by ER-70.

Supply ER-70's determination of compliance with 10 CFR 745 to the
cognizant contracting officer.

Promptly notify ER-70 of known or potential adverse human health
effects and issues of non-compliance in 10 CFR Part 745.

e. Heads of Field Organizations or their Designees.

(1)

()

0021845:

Fulfill responsibilities of PSO’s under paragréph 7d for non-DOE
funded work at DOE-owned or -leased facilities.

Fulfill responsibilities of PSO’s under paragraph 7d for DOE-
funded work originating in the field office or Government-owned
Government-operated facilities.
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f. Contracting Officers.

(1) Include in appropriate solicitations a provision requiring human
subject research information in accordance with 10 CFR 745.

(2) Require receipt of complete assurance, certification, and ER-70
human subject approval documents, prior to initiation of research

involving human subjects.

BY ORDER OF THE SECRETARY OF ENERGY:
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STANFORD UNIVERSITY
Stanford, California 94305
(415) 723-2883

CERTIFICATION OF HUMAN SUBJECTS APPROVAL
DATE: January 3, 1988

TO: E. Rubenstein, MD, MACP,
J.C. Giacomini, MDM/H.J. Gordon, MD, end
R. Hofstadter, PhD
Depariment of Medicine

FROM: Chairman, Administrative Panel
on Human Subjects in Medical Research

PROTOCOL TITLE:
K~Edge Angiography with Synchrotron X-Rays

The Panel approved human subjects involvement in your research project on
January 3, 1988.

The expiration date of this approval is January 2, 1990. If this project is
to continue beyond that date, please submit an updated proposal in advance for
the Panel’'s re-approval. If this proposal is used in conjunction with any
other human experimentation or if it is modified in any way, it must be re-
approved for these special circumstances. In addition, the Panel requests
prompt notification of any complications uhxch may occur during any experi-
mental procedure.

All continuing projects and activities must be reviewed and re-approved at
least annually by the Panel. Panel approval of any project is for a maximum
period of one year, It is the responsibility of the investigator to resubmit
the project to the Panel for,annual review.

l@voavxé'bakes. M.D., Chajirman

cc: Sponsored Projects
Cheryl Aiona

Funding Agency: (NIH HL38253 and DOE DE-FGB3-B7ER BOS527)(R)
Period of Time: 01/03/83 through 01/0”/90

Investigational New Drugs: N ,

Investigational New Device: N ,

Cooperating Institution: N

Full Board Review

Assurance Number: M[272

18 10 60218471
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STANFORD UNIVERSITY
STANFORD, CALIFORNIA 94305-4125

oPONSORED PROJECTS OFFICE Telephone (415) 723-2883
JORDAN QUAD/BIRCH Fax (418) 723-1654
125 Panama Street

Date: December 21, 1988

To: Edward Rubenstein
MED/GEN INTERNAL
From: Brian Hoffman, M.D. O#H/EnL

Chair, Administrative Panel on Laboratory Animal Care
Subject: APLAC Approval of Protocol 1009/0

Protocol: K-Edge Subtraction Angiography with Synchrotron
Radiation

Grant: K-Edge Subtraction Angiography with Synchrotron
X~-Rays ‘
NIH HL39253 (SPO #4411)

Protocol Approved for Period: 12/21/88 - 12/20/89

I anm pleased to inform you that the Administrative Panel on Laboratory
Animal Care has reviewed this protocol and that it was approved at
their meeting on 12/21/88.

The expiration date of this approval is 12/20/89. If it is your
intention to continue beyond that date, please submit an updated
protocol thirty days before the expiration date for the Panel's
re-approval. ReqQuests for any changes to this protocol during the
approval period must be filed with the Panel. A copy of this memo and
protocol should accompany any request for changes. The Panel requests
prompt notification of any complication which may occur during an
experimental procedure involving animals.

cc: Sponsored Projects Office
KAM File
Panel File
Ursula Businger
Tim Brashear
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SSRL MEMORANDUM

Date: April 21, 1987

TO: WILLIAM GOUGH
FROM: A. BIENENSTOCK
Director

SUBJECT: PLANNED HUMAN ANGIOGRAPHY EXPERIMENT
Dear Bill,

This memo is to inform you of the planned second series of "Iodine
Dichromography” experiments with human subjects to be carried out
at SSRL.

The experiments will be carried out by the same reseach team which
performed the original experiments last year. The exposure control
hardware and the medical and experimental protocols are unchanged.

The medical protocols and informed consent material have been
reviewed and re-approved by the Stanford University Human Subjects
Committee. A copy of the approval is included herewith.

The present plan is to use four subjects, one of whom participated
in the first experiment, commencing Friday, April 24, and at the
rate of one per day through Monday, April 27.

Since the original experiment, the safety interlock system has
been further analysed by our engineering staff and design changes
proposed which are intended to improve the reliability of the
system. These designs have been subjected to critical review by
interlock designers from both SLAC and LBL.

Today, those reviewers met with SSRL engineering and safety
personnel and a SLAC safety representative. They reported the
results of their analyses. The conclusion of the review meeting is
that the personnel protection interlock design provides adequate
radiation protection to the experimenters and angiography
subjects. At the same meeting the operational and check-out
procedures were confirmed to be identical to last run.

Since the previous review of the experimental conditions and
protocols resulted in a low hazard classification, and since no
changes of conditions or procedures have been made, we believe
that that rating is still in effect.

Sincerely,

cc w/att: CSZ o7
J. CERINO
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OFFICE MEMORANDUM STANFQORD UNIVERSITY OFFICE MEMORANDUM STANFORD UNIVERSITY

is—"‘

DATE: January B, 1987

T0: E. Rubenstein, M.D.,
R. Hofstadter, Ph.D., J. Giacomini, M.D.
& H.J. Gordon, M.D.
Department of Medicine

FROM: Chairman, Administrative Panel
on Human Subjects in Medical Research

PROTOCOL TITLE:
K-edge Angiography with Synchrotron X-rays. .
(Grant: K-edge Substraction Angiography with Synchrotron X-rays)

The Panel approved human subjects involvement in your research
project on January 65, 1387.

The expiration date of this approval is January 5, 1988. If
this project is to continue beyond that date, please submit an updated
proposal in advance for the Panel’'s re-approval. If this proposal is
used in conjunction with any other human experimentation or if it is
modified in any way, it must be re-approved for these special circum-
stances. In addition, the Panel requests prompt notification of any
complications which may occur during any experimental procedure.

_Al) continuing projects and activities must be reviewed and re-
approved at least annually by the Panel. Panel approval of any
project is for a maximum period of one year. It is the responsibility
of the investigator to resubmit the project to the Panel for annual

ﬁ?@ o

' Don R.YGoffinet, M.D., Chairman

cc: Sponsored Projects

Funding Agency: (NIH HLZ29824, NIH HV3B8@33 & DOE DE AT®3 84ERGQ200)
Period of Time: @1/06/87 through 01/@5/88

Investigational New Orugs: N,

Investigational New Device: N el

Lyub('l
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SSRL MEMORANDUM

Date: April 21, 1987

TO: DISTRIBUTION

FROM: JOHN CERINO

~

SUBJECT: ANGIOGRAPHY/PERSONNEL PROTECTION INTERLOCK REVIEW
MEETING N S

The following persons met today to review and approve the person-'
nel protection interlock system (APPI) for use in performing
"Iodine Dichromography” experiments using synchrotron radiation at
SSRL.

From SSRL: J. Cerino, R. Hettel, C. Troxel, H. Winick
From SLAC: K. Crook, G. Warren

From LBL: J. Henderson, C. Sealy

From Angiography Group: J. Otis, A. Thompson, H. Zeeman

Henderson and Sealy reported on their separate reviews of the
interlock relay logic design. After making suggestions for design
documentation technique which would ease maintenence and trouble-
shooting, each reported that the logic design is sound and safe.

Crook presented a summary report of the results of an ad hoc SLAC
committee review of the solid state interlock logic. The report is
attached hereto. In addition, a list of committee recomendations
for system and/or procedural modifications was discussed. These

recommendations had been previously presented to Bob Hettel and

have been implemented or otherwise responded to.

The question arose as to what response the APPI gives if it is
switched from PATIENT MODE to EQUIPMENT CHECK-OUT MODE in the
middle of a scan. At the end of the meeting the group went to BL
IV-2 to view the hardware. The above was tested. APPI closes the
Safety Shutters if switched while scanning.

In a brief rump session, Mssrs. Crook, Henderson, Hettel and Sealy
discussed the system implications of the SLAC recommended
revisions.

The unanimous finding of those present is that the APPI, if
implemented as designed, provides adequate radiation protection to
experimenters and angiography subjects.

Thompson asserted that the experimental procedures and check-outs
will be carried out in precisely the manner agreed to last May. A
copy of the Cerino memo which addressed those procedures is
attached hereto. Paragraph 4 should be amended to read 25 times
per agreement of those present.

cc w/att:
ATTENDEES

A. BIENENSTOCK
P. PIANETTA
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SLAC MEMORANDUM April 21, 1987
To: John Cerino
From: Ken Crook,f@

Subject: Angiography Interlock Review

In response to your reguest of 25 February 1987, for an
examination of the solid state portion of the human angiography
interlocks, I am attaching the results of a review made by an
ad-hoc SLAC committee. The committee membership was as follows:

K. Crook ELD, I&C Chairman

D. Horelick ELD, EIN

H. Smith ELD, PPS

J. Fitch ELD, PPS

R. Cherkassky ELD, PPS

H. Walz EID

T. Inman Operations

G. Wérren Operational Health Physics

The committee met with Bob Hettel, Reuben Yotam and Mike
Horton on two occasions; 3/24/87 and 3/26/87. At those meetings,
Bob Hettel described the operation of the solid-state sections of
the system and answered questions on specific aspects of the
design. In addition, the committee members reviewed two
documents that described the plan and conceptual design, as well
as schematics describing the circuit details.

The documents were:

41. "Framework of Angiography Safety Plan", 2/7/86, John Otis,
Albert Thompscn. ,

2. "Angiography Personnel Protection Interlock Conceptual
Design", 11/12/86, R. Hettel.
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Angiography Interlock Review page 2

3. Schematic Drawings, 441-401, 441-404, and 441-408.

A number of Qquestions were raised as a result of the review.
For the most part, these were answered in a most satisfactory
manner by Bob Hettel. Clearly, an impressive amount of thought
and effort has been spent in refining the design and in insuring
that redundancy has been provided in all critical circuits. The
committee did however make several recommendations to enhance
safe operation and to reduce the chances of system malfunctions.
These are described in the attached report.

In general, it is my personal opinion, as well as the view of
the committee, that if our recommendations are accepted and
incorporated into the design, the system will have sufficient
redundancy and fail-safe features to provide safe operation of
the facility.

KC/bb

Attachment

Copies: R. Larsen
R. Hettel
R. Yotam
M. Horton

Committee Members
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e " Date: May 16, 1986
: L L s

¢ ;%3 A. BIENENSTOCK

_FROM:  JOHN CERINO A~ .. .

WP s

" sumgecr: 'ANGIOGRA95§7;YSTEM OPERATIONAL REVIEW

" The following persohs met today to review the human angiography
-operation and procedures: N .

-From SLAC: J. Jasberg,'G. Nelson, G. Warren;

. . —— - From SSRL: J. Cerino, R. Hettel, C. Troxel

From Angiography Group: A. Thompson.
The specific objectives of the group were to:

e ' 1. Examine each identifiable hazard to the human
ST research subject, and identify the specific mitigation
. of it;

2. Establish the operational and check-out procedures
necessary to assure safe operation.

Using a fault tree drafted by Cerino, the group conducted the
review and generated the following action items:

.1. At least 1 physician will be in attendance; the exposure will
be performed by a California licensed Radiologist, who will be the
person to actually operate the Scan Switch.

2. An attempt will be made by Troxel to improve the hutch
ventilation. He will install an emergency light in the patient
portion of the hutch.

3. The patients will be acquainted with the emergency exit
location of Bldg 131 and be told the sound of the fire alarm.

4. Théhgaﬁpiete interlock and control system, in its final config-
uration, will be cycled 100 times without failure before the first
human exposure.

5. Hettel and Troxel will develop a check-out protocol for the

interlock system and it will be performed by one of them prior to
each new patient exposure. Subsequent to that check~out no access
will be permitted to the monochromator or drum/shutter tank until

the human exposure is complete. A signed record of the check will
be made.

6. There will be a one-time calibration of the beam monitors

against TLD’s. Prior to each patient exposure a cross check of the
2 mOMITOTE and the SPEAR beam current will be made. '
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Al iThompson 'presented a draft experlmenter check l1st for

.7.

.'review. The check-out will be performed by 2 members of the

. experimental team prior to each new patlent exposure. A signed
"‘record of the check will be maintained in the experimental log
-with copies to Cerino. Photocopies of the chronological

experimental 1log relating to human exposures will be given to
Cerlno for record. L

complete systém at 10:00 am

PR

_There' w111 be a demonstrat1on of the
“on Monday May 19. - R ‘

i.CC° T AT cem o Uit Lo

.fattendees o

C e mew . .

o — e e i, . —
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I, Ceprino

REVIEW OF SOLID-STATE ANGIOGRAPHY INTERLOCKS

K. Crook

This is the report of the committee [1] set up to review the
solid state aspects of the interlocks for the angiography system.

1. General Comments

a. In general, the conceptual design of the Angiography
Personnel Protection Interlock (APPI) system has been
carefully thought out and the design implementation is
competent and thorough.

b. We believe that the solid state portions of the inter-
lock system have adequate redundancy for the critical
safety functions.

c. Given the adoption of the recommendations made in this
report, we believe the system will be safe for the
intended function.

2. Recommendations

a. Checking of Redundant Interlocks

We recommend that test switches and indicator lamps

B. be added to permit the testing of the independent,
\f redundant chains and circuits. In particular, (1) the
em//’ chair motion rotary encoders, (2) the safety shutters

ﬁ and (3) the exposure timers should be capable of inde-
. Ql«‘ pendent testing and verification.
M -
' Redundancy checks should be done at regular inter-
vals and before the system is used.
b. CMOS/TTL Compatibility
\@/ Additional pull-up resistors should be installed at
oV the connection points between CMOS and TTL circuits to
\¢F,x match TTL output levels to CMOS input levels. One
. WV/ example is JI1(TTL) to J6(CMOS).
c. Timing Resolution

The circuits that determine the minimum speed of the
chair have an uncertainty of 1 millisec or as much as
20% error from the preset value. We believe that this
is unnecessarily large and recommend that the uncer-
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tainty be reduced by at least a factor of 10. As dis-
cussed, this can be done by resetting H3 (CD4020) on
each load pulse (or by an equivalent method).

Protection of Chassis and Switches

The committee recommends that the interlock chassis,
the connectors and the cabling associated with the APPI
be protected from accidental adjustments, inadvertent
modifications or intentional tampering, by locking the
racks and cabinets that house the equipment.

This comment applies also the DIP switches that are
used to set the minimum scan speed.

Thumbwheel Switches

It is recommended that the thumbwheel switch set-
tings be clearly visible to the operator at all times,
and that they be protected by a locked front panel.

Patient/Diagnostic Mode

There was much discussion and concern as to whether
the system could fail or be changed accidentally from
the patient to the diagnostic mode while a patient is
in the chair. Although this seems unlikely because of
the number of simultaneous failures that would have to
occur, the committee recommends that you review the
circuits to determine if an additional level of secur-
ity might not be justified. One suggestion is the
inclusion of a pressure switch in the patient's chair
to prevent the opening of the shutters in the diagnos-
tic mode while the chair is occupied.

Weighted Dummy Tests

Although this is not a comment on the interlock cir-
cuitry as such, the committee feels that the testing
procedure would be more complete and thorough if a
weighted dummy were used during the pre—-patient test
phase. This testing might even extend to actual beam
runs with a dummy.

We recommend that you review the pre-patient certif-
ication procedures and determine whether the weighted
dummy testing would provide a more thorough evaluation
of the system. :

Safety Shutter Operation
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Opening the shutters requires a 50V DC source. Once
open, the holding voltage drops to 24V. We recommend
that the design be modified to reduce the possibility
that the 50V 1level may be applied for too long, thus
damaging the solenoid mechanism. Possible solutions
include temperature sensing of the solencid or a time-
out on the 50V supply. :

ﬁl
$
3

Ahgec./bcc

3. Other Considerations

A number of other points were discussed during our meet—
1ngs These were answered by Bob Hettel and did not result
in any recommendations. For completeness, they are listed
below.

a. Computer Monitoring

Given that a computer is part of the overall diag-
nostic facility, the question arose as to whether
safety might be enhanced by using data from the com-
puter, such as chair speed and X-ray exposure, to pro-
vide additional cross checks and monitoring.

b. Audio Alarms

Would audio alarms be desirable additions to the
safety system?

c. Power Supply Crosschecking or Interlocking

95.74”3'\ Is there any monitoring of power supplies for proper
15 operation?

d. 54 Series versus 74 Series Logic

Is there a case to be made for using the wider temp-
erature range 54 series TTL family?

e. Relay Drivers

Can a case be made for both source and sink opera-
tion of solid state relay drivers?

[1] Review Committee: K. Crook, D. Horelick, H. Smith, R.
Cherkassky, J. Fitch, H. Walz, T. Inman, G. Warren.

6021858



#4 25-FER-1987 14:37:21
From: SSRLO1::CERIND “John Cerino at SSRL."
To: BROWN,HETTEL ,WINICK ,CERIND

Subij: ANGIOGRAFPHY INTERLOCK DISCUSSION

THE AROVE FECQPLE MET TODAY WITH KEN CRODOK OF SLAC I & C GROUR TO
DISCUSS THE REVIEW AND IMPLEMENTATION OF THE ANGIOGRAPHY PPS
(AFPI) SYSTEM FOR HUMAN EXFERIMENTS. THESE ARE MY NOTES.

CROOK AGREED TO FERFORM A REVIEW OF THE SOLID STATE PORTION OF
THE INTERLOCE SYSTEM.

CERINDO ASKED THAT HE NOT LIMIT HIS EXAMINATION TO ONLY THAT
FORTION, BUT TO THE EXTENT POSSIBLE, TO PARTICIPATE IN A FULL
SYSTEM APPRAISAL.

CROOK ASSERTED THAT REVIEW SIGN-OFFS SHOULLD RELATE TO FORMAL
SIGNED REGISTEREL DRAWINGS.

THE FOLLOWING LANDMARKS WERE ESTARLISHED:

Fress RETURN for more...

MAIL >
#4 25-FER-1987 14:37:21
MARCH 21 FREEZE DESIGNS
AFRIL & LDOCUMENTATION IN FINAL FORM; FINAL REVIEW
APRIL 20 SIGN-OFF OF COMPLETE APPI SYSTEM AND
FROCEDURES
APRIL 21 BEGIN HUMAN EXFERIMENTS.

HETTEL DELIVERED NEARLY COMPLETE LOGIC DIAGRAMS FOR CROOK TO
REVIEW. THEY WILL MEET IN A WEEK OR S0 TO GO DISCUSS THE SYSTEM.

MAIL >

0021859
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SSRL MEMORANDUM
Date: February 10, 1987
TO: DISTRIBUTION
FROM: JOHN CERINO
SUBJECT: ANGIOGRAPHY/SAFETY REVIEW MEETING NOTES
ATTENDEES: CERINO, HéNDERSON, HETTEL, PIANETTA (part), WINICK (part).

Messrs. Jack Henderson and Clay Sealy were asked by Al Thompson to
perform a system safety review of the Angiography Personnel Protec-
tion System (APPI) as required by SSRL. We met with them today to

discuss the system and the scope of the review.

Both men are experienced in design, fabrication and operation of
personnel safety systems at various LBL facilities.

Discussion centered on the four principal aspects of the system to be
reviewed: Concept, Logic and Circuit Design, Hardware and Procedures,

The system concept is embodied in the "FRAMEWORK OF ANGIOGRAPHY
SAFETY PLAN" by Otis and Thompson.

Henderson and Sealy will study the system function and relay logic.
They estimate 1 man-week of effort is required after they receive a
Ladder Diagram of the system. Copies of all existing diagrams were
given to them.

Review of the solid state logic must be done by others. The effort is
estimated at 1 man-week.

The system components were examined in their present state (disassem-
bled). The assembled system will be inspected prior to its use for
human experiment.

Copies of the interlock checklist were given to Henderson and Sealy.

Cerino asked that Henderson and Sealy communicate any results of
their review to Hettel in a timely manner so that they might be

incorporated prior to the April human experiment, and that, after
final review and inspection, a report be sent to A. Bienenstock

stating their findings.
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The schedule was discussed. It seemed unlikely that everyone could be
ready for a full dress rehearsal of the system and procedures before
the start of the dedicated run (3/21/87). We expect that the final
inspection will take place after the experiment is set up in the
hutch (4/10/87 cor so).

ACTION ITEMS:

Hettel will provide a Control Diagram (Ladder Diagram) ASAP for
Henderson and Sealy.

Cerino will contact Al Thompson to assure that "Framework" is
accurate and up-to-date.

Cerino to solicit Ken Crook’s help with the review of the solid state
logic diagrams. If Ken cannot do it, some LBL help may be available.

Hettel to assure that all electrical connectors are unique so that
they cannot be cross connected by mistake.

ccC:
BIENENSTOCK
BROWN

CROOK
HENDERSON
HETTEL
PIANETTA
SEALY
THOMPSON
WINICK
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SSRL MEMORANDUM

DATE:0October 27, 1986
TO: DISTRIBUTION
FROM: JOHN CERINO
SUBJECT: ANGIOGRAPHY SAFETY MEETING NOTES, 10/15/86

ATTENDEES:
ANGIOGRAPHY GROUP: A. THOMPSON, H. ZEMAN.
SSRL: G. BROWN, J. CERINO, R. HETTEL, C. TROXEL,
H. WINICK.
SLAC: D. BUSICK, N. IPE, G. NELSON.

Thompson stated that they expect to resume human exposures in the
spring of 1987, if SSRL runs then.

A number of system improvements have been requested; some of which
are apparently in the works. The following is a list of those
tasks whose completion are deemed by the attendees to be necessary
before the next human run, and the person responsible to carry
them out:

Redesign and rebuild Safety Shutters. (G. Brown)

Redesign and rebuild Patient Chair interlocks and
sensors. (G. Brown)

Implement equipment to permit use of patient doors in No
Bars mode as well as Angio Test mode. (R. Hettel)

Implement interlock system revisions recommended by
Chester Pike. (R. Hettel)

Update the "Framework"” document to reflect present
planning status. (A. Thompson)

* Arrange for System Safety Analysis. (A. Thompson)
Determine whether further review by the SLAC Radiation

Committee will be needed. (J. Cerino)

Assuming a May 1,1987 date for the next human exposure, the group
arrived at the following set of milestones for completion of the
above tasks:

* BEGIN CONCEPTUAL DESIGN REVIEW 11/15/86
CONCEPTUAL DESIGN COMPLETE 12,01/86
DETAILED DESIGN COMPLETE 01/01,/87
INSTAEL/HARDWARE IN HUTCH . 02/01/87

00218b2 -



- HARDWK: REVIEW AND INSPECTION ei_ 02/15/87
* FINAL SYSTEM SAFETY EVALUATION REPORT 03,/01/87
SLAC RAD SAF COMM REVIEW (IF REQUIRED) 04,/01/87

PATIENT EXPOSURE 05,01,/87

Items in the above list which bear a * are part of a required
system safety evaluation to be carried out by an independent third
party.

We expect that the Angiography Group will arrange for that review
to take place in a timely manner in order to achieve a
satisfactory report result according to the schedule above.

dist:
ATTENDEES

A. BIENENSTOCK
A. BOYARSKY

R. HOFSTADTER
E. RUBENSTEIN
G. WARREN
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dshn—
NN

E@:c VS

back A enuelcpal e st mab

s attonwshion o B ked/ PP\B%I\SU

i Pt a steel deor of /6 SQ@Q'SH"S”

(= Ve " Ehick -{-:o'bo.i) s about 5 HWi.
v Vsz_ﬂww\\ts on |

Aresmaiad
T)\e.::\‘:\oym'{' & geattsr Lrom—tha pcd &ﬂ‘ (S

abouk I/bpoc of fha Promayy QKPOE’\M"'Q,J

measued at+ | m Frewm Hhe F'JC. Tt
‘C:sf“ cacln FPQMQ_,,‘(-LR, pesSure. 4o +ha
Dr. would bea ne mon‘H/\M\T

i L
Roo m R X 3 oo I 3o

Y %‘er
Fradigt = B x15=F0pR
Framas

The Stawford “Guidelin’ 15 590 mR/y
s Cauld do Q,Ooo P'ES/X,.

bé?a /9-0,{ &UW 15 Pf"cbala(y uAnQ‘LéQCL.

W : (/1“ P(‘d‘l 3{483 {s a.bczc{* 1/g(_{'rn4!\3ﬂu85’1°°\

00218by

Se Yould noed aloont a prece 1% thik +o
have wimdon asg geed S The stee) ,o\'ﬂ&_
docr, Rolawd



v
/{kiz\ /ﬂfw' )
€ ‘5 E Gy

R P
L 7ﬁ4 '

SSRL MEMORANDUM

Date: September 5, 1986
TO: PROF. ROBERT HOFSTADTER
FROM: A. BIENENSTOCK
SUBJECT: ANGIOGRAPHY EXPERIMENT PLANS
Dear Bob:

We have received word that'your near-term plans do not
include further human studies at this time. We are looking
forward to the continued development of this technique at SSRL.

We assume that the phantom and dog tests which will be
carried on will be done using the standard Hutch Protection
System that is implemented on all SSRL hutches.

Further use of the special interlock that was used during
the human tests this past spring can only occur after a
comprehensive system safety analysis is performed to assure the
safety of both patient and researchers. Such analysis can
entail several man-weeks of study by experts in fault analysis
technigues. 1 encourage you to initiate that review in ample
time to be ready for the next human exposures.

Best wishes. It would be nice if you, E3d, Herman and I
could get together at lunch to discuss longer term goals. I am
hoping that you will take advantage of PEP to study contrast
agents with higher atomic numbers. This would be something
special that the Stanford group could do. It could be quite
important.

cc: J. Cerino 43227*‘
e
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Angiography Time Schedule

6 Am Interlock checkout

7 AM Fill for SPEAR

7:20 Run calibration and phantom scan
7:30 Call VA to bring patient
© 7340 - 8:00 Run full set of calibration scans
8:00 Do major checklist of all components

€:00 Patient arrives at SSRL

8=3Q.Run calibration of system and phantom scan
8:40 Position patient in chair

9:00 Run positioning scan number 1

9:10 Run second positioning scan

9:20 Run angiography scan

9:30 Patient moves to lounge chair

9:30 - 10:00 Evaluation of images

10:00 Run calibration scan

10:10 Patient repositioned in chair

10:20 Positioning scan

10:30 Angiography scan ,
l10=30 - 10:50 Evaluation of images '515;
10:50 Calibration of system t"f?&ﬁn
11:00 Positioning of patient

11:10 Positoning scan

11:20 Final angiography scan

11:30 Patient leaves SSRL

11:30 Final full calibration of system : -
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EXPERIMENTAL LOG for PATIENT STUDY

“Day
Machine

JR—— w—r e e teeEEL o

= Time

energy - —_— GeVv
current . mA e =
wiggler field kgauss
lifetime hours. — R -
check physician display of machine current

Monochromator
= Crystal reflection
- stepping motor position steps
- piezo voltage setting volts ... ...
= water flow gal/hr

Slit -~ position settings: 1- 2- 3=

Drum _ -

Jack positions 1- 2- 3=
computer speed setting Ypm
Qain and phase 1- 2- . 3=
speed setting on drum interface rpm
sync with line 0K

output voltage 1~ 2= volts

Shutters coperationsal

Ionization Chambers

Chair -

Detector”

qgas flowing (make sure that it‘s argon)
high voltage ON and voltage setting
output current vs machine current linear
manual integral counter reset

physician integrated flux display working
electrometer gains (x10-7) 1-
check that I(safety) and I(ARngi) in data

check zero position correct

ie phantom scan in correct position
check position readout to computer
check position alignment system

thermoelectric cocler ON

vacuum 0K

high voltage ON and voltage volts
calibration checked

gain of detector channels

gain of ionization channel

Power Injector

Renografin 76 loaded
Computer interface OK

ECG Machine Operational

scfh
volts

Radiation survey outside hutch with Beam ON, all shutters OPEN
and pig heart positioned in beam

<

-
Dose Rate at Patient Chair with Beam ON, Imaging shutter OPEN

Drums

Crash Cart Available

ON and Safety Shutter CLOSED

0021861 -
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CALIBRATION SCAN PROTOCOL

Calibration Scans

- NO absorber Gain
- Attenuator 1 Gain
- Attenustor 142 Gain
- Attenuator 1+2+3 Gain

Position Scan Absb Gain

Phantom Scan

- dog heart in position
-~ Interlocks operational
‘= gain of detector
= manual scalars reset
= Absorber QOUT
- scan speed

. - scan number

S SRR PN - - -k Yo

6021868

4

Scan
Scan
Scan
Scan
Scan
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Human Positioning Scan

- Alignment balls : of beamline
- Safety system in PATIENT mode

- Absorber IN

- Chair position correct

=.Patient positioned._in _chair OK ___ .
- Injector NOT armed
- ECG heart rste -

- physician integrated flux display reset

- manual scalars reset
- interlock check

beats/min

- Angiography Safety All Interlocks GREEN

- safety shutters enabled
= hutch stoppers OPEN
- scanning parameter check
- gain of detector electronics
- number of frames F=
- scan speed
- starting position X=
Y=
- - Scan number
Electron current

- computer ready for scan command
- Beam ON

during scan
- Keithley voltages Vk(csafety)

Va(angi)
af ter scan

- time of day

- manual flux scalers Nscall-
exposure time (2 *10-6)*Nscall/Vk
Dose(rad) 7.78 * Vk * F/Rate

“Ee

0021869

rpm or Rate=
mm
mm

mAa

volts
volts

Nscal2-
secs
Rads

cm/sec



\Angiography Scan

Description of scan

e M SN

- Safety system in PATIENT mode
- Absorber OUT -

- Chair position correct

~ Patient positioned in chair OK
- Renografin loaded

- = tubing connected (Y/N) —_—
-= Injector parameters ml at ml/sec
- Injector ARMED e -
- ECG heart rate beats/min

- physician integrated flux display reset
- manual scalars reset
— interlock check
- Angiography Safety All Interlocks GREEN _—- -
- safety shutters enabled —
- hutch stoppers OPEN e
- scanning parameter check
- qain of detector electronics

-~ number of frames F= ___ .
- gcan speed ________rpm or Rate= _____ cm/sec
- starting position X= __ _____ mm ‘

Y= mm
-~ Scan number )
~ Electron current mA

- computer ready for scan command

- Beam ON
during scan
- Keithley voltages Vk(safety) volts
Va(angi) - volts
af ter scan
-~ time of day :
- manual flux scalers Necall- Nscalz-
exposure time (2 *x10-6)*Nscall/Vk seCcs
Dose(rad) 7.78 * Vk % F/Rate Rads

0021810 | ~~



-

Calibration/Phantom scans 1l be done between each p jent scan

. Final Calibration Scans

- NO absorber Gain Scan % 1- 2~
- Attenuator 1 Gain Scan # 1- 2=
o~ Attenuator 142 0 T Gain Scan % 1- 2~
- Attenuator 1+2+3 Gain Scan % 1- 2=
- Position Scan Absb Gain Scan # 1- 2-

Phantom Scan Parameters

- dog heart in position
- Interlocks operational
-~ gain of detector

- manual scalars reset o
- Absorber OUT ‘
- scan speed
- scan number

|

SR R ]
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From: CERINO 22-MAY-1986 09:29
To: X
Subj: ANGIOGRAPHY FILE MATERIAL

BY THE TIME YOU ALL READ THIS, I HOPE THAT WE WILL BE BASKING IN
THE GLOW OF THE FIRST SUCCESSFUL HUMAN ANGIOGRAM DONE AT SSRL.

I WANT TO GIVE MY PERSONAL THANKS TO BOB, RAY, CHUCK AND AL FOR
THEIR HARD WORK AND COOPERATION TO GET THE SAFETY SYSTEMS IN
FLACE. BCB ESPECIALLY ACCOMPLISHED A HUGE TASK IN A SHORT TIME,
WITH GREAT GOOD HUMOR. THANK YOU.

THERE ARE A FEW MATTERS WHICH, I BELIEVE, MUST BE ATTENDED TO
BEFORE A RERUN OF THIS EXPERIMENT SHOULD TAKE PLACE. SOME RESULT
FROM MY OWN OBSERVATIONS DURING THE CHECK-OUT; SOME ARE COMMENTS
MADE BY OTHERS WHO HAVE PARTICIPATED IN THE EFFORT ALONG THE WAY.
I WANT EACH OF US TO STOP SOON AND NOTE THINGS WHICH HAVE
HAPPENED DURING THIS RUN THAT NEED CHANGING OR, AT LEAST
DISCUSSION. PLEASE DO IT WHILE THINGS ARE FRESH IN YOUR MIND.

HERE IS MY PRESENT LIST:

LEAD LINING ON SAFETY SHUTTERS; IT IS TAFED IN PLACE AND
COULD COME LOOSE AND FOUL THE ACTION OF THE SHUTTER. IT
SHOULD BE PROPERLY FASTENED.

THE SCAN TIMER IS OF A DESIGN WHICH IS PRONE TO NOISE
SENSITIVITY; ANOTHER DESIGN SHOULD BE CONSIDERED.

I WOULD RECOMMEND THAT THE DRUM MOUNTING BOLTS BE SAFETY
WIRED IN PLACE.

THE POSITIONING SCAN BEAM ATTENUATOR MUST BE INSTALLED BY
HAND AND IS NOT FASTENED IN PLACE. IT SHOULD BE.

THE PATIENT CHAIR SHOULD BE EQUIPPED WITH LIMIT SWITCHES
AND THE WIRING AND MOUNTING OF SENSORS SHOULD BE SECURE.

HUTCH DOCR PROXIMITY SWITCHES HAVE EXPOSED TERMINALS
WHICH COULD SHORT AGAINST THE DOOR FRAME.

THERE ARE CONNECTIONS ON THE INTERLOCK WIRING IN THE DRUM

TANK WHICH COULD SHORT OUT. THEY SHOULD BE CAREFULLY INSULATED.

THE SAFETY SHUTTER RETURN SPRINGS ARE SEVERELY BENT WHEN
IN THE OPEN POSITION, INCREASING THE LIKELIHOOD OF
FATIGUE FAILURE. THE CONNECTION SHOULD BE IMPROVED.

FINALLY, THE BEAM CONTROL AND SAFETY SYSTEMS SHOULD HAVE AN
INTENSIVE EXAMINATION BY AN OUTSIDE EXPERT; BOTH LOGICAL AND
HARDWARE. THAT IS, I HAVE BEEN TOLD, A COUPLE OF MAN-MONTHS OF
WORK. IF THIS EXPERIMENT WANTS TO RETURN IN THE FALL, WE ARE
ALREADY ON THE CRITICAL PATH WITH THIS TASK.

I SUSPECT THAT THERE ARE SEVERAL SIMILAR ITEMS THAT EACH OF YOU
COULD POINT OUT. PLEASE DO SO AN GIVE THEM TO ME.

2 THE NOVETTY_OF THTS. EYPERTMENT WEARS OFF., WE WILL PELY




‘ﬁ%

AND MORE ON THE PERFORMANCE OF THE SAFETY SYSTEMS TO ASSURE THE
SAFETY OF THE PATIENTS AND THE EXPERIMENTERS. THESE LITTLE '
DETAILS MATTER.

THANKS AGAIN.

JOHN
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BRANCH LINE AUTHORIZATION: 4-2 ' HUTCH: ANGIOGRAPHY

DATE:

HUTCH INSPECTION

1. MONOCHROMATOR

Upstream and downstream beam stop in place in mono housing
Mono housing B-locked closed (2 B locks)

Mono table B-locked in place (proper table feet positions
marked on floor)

2. DRUM/SHUTTER HOUSING

Imaging Shutter in place

Safety Shutters (2) in place with lead secured to each
Shutter vane (4)

Two tension springs for each Safety Shutter are in place

Drums in place and rotate smoothely

“Drum/Shutter housing B-locked in place

3. HUTCH DIVIDER PANELS

Mi?pree panels B-locked in place

L ———— | TR B~

Slide panel opean’z M"/?

e P o

4. TANGIOGRAPHY ROOM

- sie——-~=Swarch/Reset box in place

oozigiy

Warning Radiation sign in place

Rear panel exit window open

Emergency lighting system in place and operable
Swinging doors and door stops in place

Detector B-locked behind rear hutch panel window




U 5. ELECTRICALLY MOVING CHAIR
| Chair in placé'with no obstructions

Electrical connections and wiring

6. PPS INTERLOCK CHECK
Angiography Personnel Protection Interlock has been
tested
.. 7. DRUM/SHUTTER HOUSING ACCESS PLATES ’
: Drum/Shutter housing access plates B-locked in place

Health Physicist: Date:

SSRL Operations: Date:
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ANGIOGRAPHY PERSONNEL PROTECTION INTERLOCK CHECK

1. CONTROL PANELS (Digital Chassis, Relay Chassis, Operator Panel)
Indicator lights
Electrical connectors

Scan Switch mechanical operation

2. SWINGING DOORS
Mechanical operation
Status switch alignment

Status switch wiring

3. SAFETY SHUTTERS
Status switch alignment
Status switch wiring, connectors and cable harness
Mechanical operation (inspect during operational check
of section 5 following)
4; ANNUNCIATOR LIGHTS
RS - Patient/Diagnostic light

- ‘Warning Radiation light in rear hutch

0021876




5. DIAGNOSTIC MODE OPERATION

With Hutch Stoppers closed, verify the proper functioning of the

following operational sequences:

Srch Srch Swing [ Hutch Scan Op Pan Shutr{ Shutr
Timer Button | Doors | WrnRad Sw RadWrn OpReg| Status
off off-on cl off off off on cl
off off cl off push off on cl
on-off off cl off push off on cl
during &
after Srch
- Timer
on-off on op on-off " off on cl
on-off on cl on ", on after| on op after
latched Srch Tim Srch Tim
on after
l Srch Tim

With Scan Switch latched on (active), Operator Panel Rad wWarn
light:

flashes when Safety Shutters closed

is steady on when Safety Shutters open

With Scan Switch latched on (active), Safety Shutters closed:

Open. swinging door turns off Scan Switch

Interlock Faults (chains A and B):

Emergency Stop Buttons (2)

Opening each swinging door (2) with Safety Shutters open

Fault terminates and inhibits Search Timer

Fault resets Scan Switch if it is on

Fault closes and inhibits the opening of both Safety
Shutters

Fault closes and inhibits the opening of both Hutch
Stoppers used for the BL IV-2 Hutch Protection System
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6. PATIENT MODE OPERATION

With Hutch Stoppers closed, verify the proper functioning of the
following operational sequences:

Srch Swing Scan Op Pan Expos Chair Shutr Shutr
Timer Doors Sw RadWrn Timer Motion | Op Req| Status
off cl off off off off on cl
off cl off off off on on cl
off cl push off off on on cl
on-off cl push after flash- off on on cl |
Srch Timer off
on-off cl push during| flash on after off on cl
Srch Timer Srch Tim
on-off op " flash " on on cl
on-off cl " flash- " on on op after
steady Srch Tim

With Scan Switch on, Chair Motion on, Exposure Timer on,
Operator Rad Warn light:

flashes when Safety Shutters closed

is steady on when Safety Shutters open

With Scan Switch on, Chair Motion on, Exposure Timer on,

after Exposufe Timer times out, it cahnot be re-started
until a new Search cycle is started

Interlock Faults (chains A and B):

Emergency Stop Buttons (2)
Open each swinging door with Safety Shutters open
Release Scan Switch with Safety Shutters open

Chair Motion off with Safety Shutters open (causes Chair
Interlock Fault on both the Digital and Relay Interlock
Panels)

Exposure Timer off with Safety Shutters open (usually only
one chain will fault because timers are not exactly matched)

e S—— o —— 1 T
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Logic Fault if chains A and B Chair Motion detectors do not
agree (unplug and replug connector J3 from Digital Chassis)

Fault terminates and inhibits Search Timer
Fault closes and inhibits opening of both Safety Shutters
Fault closes and inhibits opening of both Hutch Stoppers
used for the BL 1IV-2 Hutch Protection System
7. PRELIMINARY SYSTEM CHECKS
Since the most recent installation of the interlock system:

A complete interlock checkout that tests system redundancy
has been satisfactorily completed

The BL IV~2 ring dump button has been tested and seen to
extinguish SPEAR beanm
8. TIMER PERIODS
Search Timer set between 10 and 15 seconds
Exposure Timers (A and B) set to seconds
Chair Motion interlocks (A and B) cause faults with Safety

-—-——--- Shutters open and chair speed less than cm/sec as
measured with a stopwatch

SSRL PPS Rep: S Date:
SSRL Operations

Safety Rep: Date:
Angiography

Team Rep: -.. . Date:
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STANFORD SYNCHROTRON RADIATION LABORATORY

May 21, 1986
To: W. Gough
From: A. Bienenstock
Subject: Angiography experiment
Dear Bill:
o Angiography: A meeting was held at SSRL on May 19, 1986 to
clarify SAN’s position on angiography experiments at SSRL. It
was agreed by all the participants that the hazard rating of
the experiment itself is "low" and that the human subject

health and safety would fall under the "Human Subject
Committee" responsibility.
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STANFORD SYNCHROTRON RADIATION LABORATORY

May 21, 1986

TO: - W. Gough, Director
DOE Stanford Site Office . g
FROM: A. Bienenstock, Director ¢§2
SUBJECT : Safety Analysis of the Non-invasive Angiography
Experiment

Enclosed is the Safety Analysis Review package for the
non-invasive angiography research program to be performed at
- 8SRL on Branch Line IV-11. The analysis of safe radiation
doses is the purview of the Medical School’s Committee for the
Protection of Human Subjects in Research, whose approval letter
of April 1, 1986 is enclosed.

We report, therefore, on the other aspects of the system
(interlocks, chair, etc.) necessary to assure the safety of the
patient. Our anaslysis, performed by SSRL Safety Office J.
Cerino, indicates that the risk to the patient is low.

The SLAC Radiation Committee, as discussed in the enclosed
memo of April 15, 1986 from SLAC Director B. Richter, reviewed
and approved the proposed experiment. Its review was aimed at
seeing that devices and procedures were in place to assure that
the subject did not get an asccidental dose beyond that planned
as part of the experiment itself.

Hence, 1 have concluded that the hazard classification of

this facility is low, and have authorized performance of the
experiments.
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~?~<A. BIENENSTOCK

rnon- ~ JOHN CERINO

-?'sunazcr- ANGIOGRAP

SYSTEM .OPERATI ONAL REVIEW
T5The following persons met today to review the human angiography
.operation and procedures. }"_~“

. " From SLAC: J. Jasberg, G. Nelson, G. Warren,

iﬁﬁu?: " From SSRL: J. Cerino, R. Hettel, C. Troxel
ot From Angiography Group: A. Thompson.

~7" The specific objectives of the oroup were to:

e ’ 1. Examine each identifiable hazard to the human
Lo - research subject, and identify the specific mitigation
of it;

2. Establish the operational and check-out procedures
necessary to assure safe operation.

051ng a fault tree drafted by Cerino, the group conducted the
review and generated the following action items:

1. At least 1 physician will be in attendance; the exposure will
be performed by a California licensed Radiologist, who will be the
person to actually operate the Scan Switch.

2. An attempt will be made by Troxel to improve the hutch
ventilation. He will install an emergency light in the patient
portion of the hutch.

3. The patlents will be acquainted with the emergency exit
location of Bldg 131 and be told the sound of the fire alarm.

4. The complete interlock and contreol system, in its final config-
uration, will be cycled 100 times without failure before the first
human exposure.

5. Hettel and Troxel will develop a check-out protocol for the

interlock system and it will be performed by one of them prior to
each new patient exposure. Subsequent to that check-out no access
will be permitted to the monochromator or drum/shutter tank until

the human exposure is complete. A signed record of the check will
be made.

6. There will be a one-time calibration of the beam monitors

against TLD’s. Prior to each patient exposure a cross check of the
2 MdNIeETE 2Rd the SPEAR beam current will be made.
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1. Al 'Thompson ‘presented a draft experimenter check list for

‘review. The check-out will be

‘experimental

performed by 2 members of the
, team prior to each new
. record

patient exposure. A signed
of the check will be maintained in the experimental log
with copies to Cerino. Photocopies of the chronological
. experimental log relating to human exposures will be given to
Cerino for record. R : :

.Thefe?'will‘be a demonstration df.éhe.complete systém at 10500 am
on Monday May 19. - - N LT S T
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DATE: April 16, 1986

Edward Rubenstein, M.D.
Depariment of Medicine

g al\ - -
Kathy McClelland -4 )
Human Subjects Commitiee

Assurance approval

Stanford University has an approved assurance with the
Department of Health and Human Services for a period of
five years. The assurance identification number is M 1272,
and our institutional review board’s identification numbers
are O1XB and 02XM. Our assurance will expire December 31,

1989 and a new assurance will be negotiated prior to this
date. )

Please let me know if I can furnish any more information
that you may need.

.

- cc:‘fgill Wilken

SLAC

8021884 o ”



 1985-1986
Name .

- Carlos A. Camérgo, M.D.
Associate Professor
(Clinical) I

William T. Clusin, M.D.
. Assistant Professor

:A,John Dodson | |

- _ Reverend L .

Don R. Goffinet, M.D.,Chairman
- Associate Professor
o Kathy Hoare, DNS

Sharon Kotabe, Pharm.D.
Supervisor

Jean Kutner

Kathy McClelland

David Oakes, M;D.
Associate Professor
(Clinical)

Elwood C. Pierce
Director of Operations

Carole Runyan Price
Associate Director
Stanford University Hospital

Peter Rosenbaum, M.D.
Professor

»

Hans Steiner, M.D.
Physician Specialist
Clinical Asst. Professor

‘David Stevenson, M.D.
Associate Professor

George Tidmarsh
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" Department and

Area of Expertise

Medicine
Endocrinology

~ Medicine

Cardiology

Public Member
Radiology
Radiation Therapy

and Cancer Research

Nursing Administration

_ Stanford Pharmacy

Student
Human Biology

Staff Coordinator

Surgery
General Surgery

Administration

Staff
Legal Representative

Psychiatry
Schizophrenia &
Psychotherapy

Psychiatry

Child Psychiatry
Adolescent Psychiatry &
Eating Disorders

Pediatrics
Neonatology

Student
M.D. Program
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APR 16 1986
SLAC MEMORANDUM SSRL April 15, 1986

c To: A. Bienenstock
FRrROM: B. Richter

SUBJECT: Dichromography Experiment

i Dear Artie,

- .

-~ This memo concerns the approval of SSRL proposal 456 “lodine Dichromography
with Monochromatic X-ray Beams for Angiography.” As you know, the memorandum of
understanding and agreement between SLAC and SSRL gives the responsibility for safety
at SSRL to SLAC. The dichromography experiment proposes to expose human subjects
to synchrotron radiation as part of a medical experiment to test a procedure that may be
inherently more accurate and safer than the procedure currently used to diagnose problems
with partially blocked blood vessels. Thus the safety issues in this experiment involve
medical issues such as dose rate, exposure, etc., as well as the usual issues of radiation
safety that are reviewed in the analysis of typical experiments.

The SLAC radiation committee has reviewed this proposal. It’s review was aimed
at seeing that devices and procedures were in place to assure that the subject did not
get an accidental dose beyond that planned as part of the experiment itself. Various
modifications to apparatus and procedures were required, and I understand that these
have now been implemented. Recently the last analysis required for this experiment, the

ray trace analysis, has been received by Gary Warren, analyzed by him and approved.
With this the work of the radiation committee is complete.

The final element required for the approval of this proposal is the approval by the Uni-
versity’s panel on experimentation on human subjects. Our safety office has just received
a copy of the approval by this panel, and so you have our permission to proceed.

BR:k W

cc: A. Boyarski
G. Warren
E. Rickansrud
W. C. Gough
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TO:. :.‘:."- R-

‘

Hofstadter

. E. Rubenstein, M.D., D.C. Harrison
J. BGiacomini,
Department of Medlcine

urru.t-. MEMURBNDUM blHNt‘UHU(NthHbLIY urHu-. MEMORANDUM E‘?NFDRD UNIVERSITY

éﬂLgawwmx

.. - DATE: April 1, 1986

H D..

e

M.D. B H. Gordon, M.D.,

- Chairnan Medical Connittee for the
EProtection of Human Subjects in Research

;PROTOCOL ENTITLED’
‘Revision of:

K-edge Angiography uith Synchrotron X-rays.

Granf title: K-edge Subtraction Angiography with Synchrotron X-rays.

The Committee approved human subject 1nvolvement in your research

The expiratxon date of this approval is January 6,
" project is to continue beyond that date,
in advance for the Committee’s re-approval.

“‘L_”project on ﬁpr11 1,

1986.

1987. If this
please submit an updated proposal
1f this proposal is used in

conjunction with any other human experimentation or if i1t is modified in
any way, it must be re-approved for these special circumstances. In
addition, the Committee requests prompt notification of _any comp11cat10ns

which may occur during any experimental procedure.

-All confinuing projects and activities must be reviewed and re-

approved at least annually by the Committee.
project is for a maximum period of one year,

Committee approval of any
It is the responsibility

of the investigator to resubmit the pro;ect to the committee for annual

revieu.

Aathus 125 H . and

Don R/ Goffinet, M.D., Chairman

Je

cc: Sponsored Projects
Marshall 0°Neill

Funding Agency:
Period of Time:
Investigational
Investigational

New Drugs:
New Device: Y

(NIH HL29@Z4; NIH HV38039; DOE DE-ATO3-B84ERGQ20Q)
04/01/86-01/05/87

N, N/A

Cooperating Institution: N

00621881
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Dare: February_24, 1986 o

Professors Edward Rubenstein, Donald Harrison, and Robert Hofstadter

R PO T S A RS R "

"-ERSiénd Finsﬁoﬂ v \éﬁé ?g' ~:ﬁ§i4uf'yhf;i SR :- iz;, e
< Health Physics 6Eiﬁ\\ » ot T e L A

Research subject radiation exposure from Kredge Angiography with
.Synchrotron X rays. R

"+ . Thank you for your letter of February 11 and the revised consent
" form (draft of Feb. 12).. Now that the specifics of the patient imaging
- protocol have been defined, an estimate of the radiation exposure can be

made. I use the following assumptions to describe the typical study:

Entrance field size ~- '12 ém wide x 12 cm high
Projections, # frames —— lateral, 7 frames
.LAO, 2
, RAO, 2
Entrance skin exposure ~ 391 mR/frame (8.3 msec/line)

The skin exposure per frame, as you note in the consent form, is similar
.to that from a standard radiograph of the heart. The assessment of risk
is properly directed to the most radiosensitive organs: bone marrow,

" thyroid, breast (female), and lung. The data of Rosenstein* are avail-

with Dr. Giacomini the location of the beam on the skin for each projection

has been defined. The resulting calculations show a mean bone marrow dose

of 32 mrad, and a thyroid dose of less than 2 mrad. As for the lung dose,

. there is only a small fraction of this organ in the field of view. The
mean lung dose is believed to be about 100 mrad. For female subjects,

. provided that the breast tissue is either on the exit side of the body"

(e.g. the beam inters from the posterior side) or entirely outside the

field of view (for lateral project,), the mean breast dose is estimated

to be less than 100 mrad as well .

The radiation exposure from the study may be compared to that from
natural background. In this case the mean marrow dose (32 mrad) is the
best comparison and that is the same as it receives in 4 months from
natural sources**. The radiation exposure may also be compared to that
in the alternative diagnostic X-ray test, the coronary arteriogram. The
entrance skin exposure and field size is quite similar to that from a
single ciné run of 10 seconds duration (several such runs are usually

*Marvin Rosenstein, "Organ Doses in Diagnostic Radiology", HsW
Publication (FDA) 76-8030, May, 1976.

**This value, &, should be used at pg 2, line 16 of the revised
consent form. :
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needed in the typical arteriograpm procedure). The absolute risk of
malignancy resulting from the organ dose estimates given above is a
chance of less than one in 30,000 subJects.

- I believe that this information, along with the details of the
* protocol and modified consent form, should be submitted to the Institu-
tional Review Committee for their evaluation and approval. ;

e D <o S ThEin I .
s t"z'i‘- ESAREEE SIS CERTEE, £ LAY SRS SR E
R na.. = ;~ IR RN ST o N ‘.:': ST T S »
W/eh e an gt
Tees JMBrown/SM(M) Committee member to review X-ray Dose/Risk Estimate

. ‘WmHMarshall / ditto -

- — . . o
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\ REVISION - AN : ’—protocoi ]

.ET\<:‘ REQUEST FOR INSTI..[TONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AI RISK
i THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH

oif Kathy McC]elland 851 Welch Rd., #115 (X5244) . Date: March 6, 1986
PI for Grant/PrOJect Fobert Hofstadter o - MD/PhD Title: Professor _'
) Other Invest1gators. Edward Rubenstein, M.D. MD/PhD . Professor (CIin:

Donald C. Harrison, M. D. MD/PhD = Protessor

Tlt]e Of RESEGPCh Project: K-edge Anqlography with Synchrotron x-rays

(AND GRANT “IF DIFFERENT) Roedue Subtraction Angiography with Synchrotron X-rays

Tha .(N; -
S b 1 RO1 HL29024-01-Al NIH Grant- 1/1/83-6/30/86
: COﬂtraCt/Grant 41 Hv-38039 Sponsor NIH Contract - Per1od 7/1/83-6/30/86
L *" "DE-AT03-84ER60200 DOE Grant A 27I732I-1/31787

Investigator s Addl‘ESSRm TC-129 Dept Medicine  Ext.7-7188

Sponsored x 3 Unsponsored h'$ Invest1gat1ona1 Drug : Investigational Device
EE N ¥ IND # ~ IDE #
- Department Chairman Signature: : 22k
REVIEW PROCESS - Check One: REGULAR REVIEW PLEASE SEND 4 COPIES TOTAL (DO NOT STA
| EXPEDITED REVIEW PLEASE SEND 2 COPIES (See regulations
(VA Not Eligible) on reverse side of this form)
- ' Paragraph number under which expedited

review is requested.

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE

RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST TUESDAY OF EVERY MONTH AND
REVISION APPLICATIONS SHOULD REACH THE COMMITTEE 15 NAYS PRIOR TO THE MEETING DATE.

PLEASE PROVIDE INFORMATION IN THE FOLLOWING AREAS AND ATTACH T0O THIS FORM:

1. Describe Any Changes Since Original Approval.

2. Attach the Consent Form(s) You are Using for th1s Study.
(Even if it is the same as previously approved.)

2/86

Rpproval Tiat

... _ boz2i1840:
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" ""Request for Institutional Approval of the Protocol Entitled: )
ction Angiography with Synchrotron X-rays" Y
| N L

L an s

P
’ " "%K-BEdge Subtra

R |
(R PN

:' - 3 s lm‘.\’. -
,A <7 #'Additional Information: -~ i< BT
noAL R T lgmmemt e TEIAELTL TS
- “Describe Any Changes Since Original Approval. T
een‘ﬁbdified‘%o'ptovide'more'detailed
catheteriza~

o ---2--- The consent-form has b

information about risks related to the venous
- tion procedure and to the radiation exposure. Corrected
.-parameters for contrast agent administration have been pro-
~.A report from Roland Finston is appended in which he pro-~
,Vides additional information regarding radiation exposure.

v .
Ty
e de v

Conéent forms are attached.
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Robert Hofstadter and Donald Harrison

o Research Project: K-edge Angiography with Synchrotron Radiation
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s Thank you for your willingness to participate in the review of
o3 the radiation safety issues involved in the synchrotron-

"

_» v‘radiation-based angiography project at SSRL.

We would like to respond to the questions you raise in your
.. memo of February 11, 1986. - S -
. The original protocol documents submitted to the Human Subjects
.. » - . Committee were based on data available at that time. We now
o are able to make better estimates of the parameters related to
o7 . exposure to X-radiation.

(_ > .+ The images will be recorded in a line-by-line process, each
_(- recording constituting a frame. The horizontal dimension of

: -~ each frame is that of the synchrotron radiation beam, which is
123 mm. The vertical dimension of the frame will vary depend-
du:ie <oring upon the size of the patient, but will usually be from
10-15 centimeters. :

e .

For coronary angiography, we currently plan to record images in

three projections: lateral, left anterior oblique and right

. anterior oblique. The precise angles of the oblique projec-

14.°5 —-tions-will be determined by the coronary artery anatomy as
established on arteriograms done by the conventional method in

25 the recent past on each patient.

s

2%:7L < .In the initial studies, a sequence of frames will be recorded
to establish the flow characteristics of the bolus of contrast
agent. This will probably require five to seven frames, taken
with the patient in one position. Thereafter, one or two

frames will be recorded with the patient in the other two
positions.

The parameters that determine the scan speed are the detector.
element size (0.5 X 0.5 mm), the velocity of cardiac motion,
and the x-ray flux. We currently plan to record images either
at a rate of 4 msec per line or 8 msec per line, depending upon
the available electron current in the storage ring and on the

. patient's heart rate.

0021892
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_ The patlent consent form has been amended to include the 1nfor-

-« mation suggested under item #2 in your memo of February 1lth;

. see attached BIRERS SR TR AR R

.ﬁ‘The phy51cians who will operate the x-ray exposure control ap-

si-paratus are holders of the permit of the State of California
fentltled “x-ray Supervisor and Operator.” :

Images will not be recorded on employees or on other normal
~subjects. The synchrotron radiation beam is highly collimated
~-naturally but is further restricted in size by collimators that
wsconstitute part of the imaging system. .The expected radiation
- exposure for a patlent will be measured with an approprlate
deSLmeter. L sdgean o Tt .

-

e ey~ s
.

AR @Weﬂwould be grateful to have your comments about the above and 73{'
to respond to any further suggestions or questions. _

b s o B0EED s o L. . . ) T

AR R B S,

- et
.

”_ER/a‘w - | _ ) L

bcc: D.C. Harrison
( * - o R. Hofstadter
(~‘ . Attached: Informed Consent 2/13/86 _

e .
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OFCONI'RASTAGENT

- You are iﬁvited to oarticipete in a study of angiography. You have
f already undergone ang:.ography by the oonventa.onal method, involving
.artenal czthetenzatlon and the dlrect inject.lon of contrast agents into

_ the artenes. We bope to develop a means of wsuahzmg these arteries

be substantlally safer.

If you ldec:.de to part:Lc:Lpate, we will perform an angiographic procedure
(ooronary, oerebral, other,) by means of a venous injection of contrast
( agent, atploymg X-rays produced at the Stanford Synchrotron Radiation
V I.aboratory.'- ‘You w'ill be given injecticns into a vein of a radiographic
, contrast agent, as employed in routine clinical practice. The injection
o may be given directly into a ve:m in the arm or .may be given into a vein
Inthe chest. In the latter instance a flexible, hollow tube, called a
catheter, will be inserted into a vein in an extremity or the neck, and
the catheter is then advanced into the chest so that its tip is in a
oehtral vein adjacent to the intake chamber (right atrium) of the heart.
The contrast agent will then be administered using a power injector, at a
rate up to 20 ml/sec and at a dose of up to 0.75 ml/kg of bcdy weight per

injection. Following the injection, scanning digital radiographs will be
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l.taken of the a::t:e;r1 structures bemg studied. The ;ocedure will

::" probably requlre 1/2 to 1 1/2 hours 'l‘he Tisks of this procedure :anlude
' 'Vthe follow.mg. ~ severe allerglc (anaphylacto1d) reactlon to the icdine
contrast agent- mechanical tear of a vein; local bleedmg, impaired

- f ;ludney funct:.on, reaction to local leakage of dye.' The procedure

involves minor surgery and entermg the blood vessels w:.th special

'''''''''''

Plds ti’é"tubes' e

o _ may cause local dJ.sccmfort. Among the caxphcatlons of the procedure are

S e ety S -

There are nsks related to radiation exposure inherent in any x-ray

exammatlon, includmg delayed cancer and genetic change. The exposure
cw frcm ‘this examination will carry with it a risk equivalant to that fram
approx:mately 4 months of natural background radiation. In this
e.xam:.nat:.on, approximately eight to ten radiographs (x-ray plCtLlIes) will
be recorded, and the x-ray exposure of each is similar to the exposure
‘{nvolved in an ordinary x-ray picture of ‘the heart region.

s tum

.
3.

Tt would be impractical and even misleadirg to describe in detail all of
the possible risks and canplications which might result fram the proce-
dure. | Any questions should be discussed with a member of the angiography
‘team who will be performing the study. This person will review the pro-

cedure as is planned for your individual case.

Potential benefits that may be accrued to you relate to information about

00218945



hjﬁxe status of th rteries to be studied. Such i1 smation might be -
SIS ,.nccmmlated withoutfthve necessi‘.ty_of performing invasive arterial
« - _injections. We can not and do not,guarantee or promise that you will

-Teceive any benefits from t.his Study. '

A G e

o ; Any data that may be.published in scientific journéls will not reveal the

.

B - pidentity. of. the subjects.';séin -+the .interest of public 'safety, patient

_ .m;l.nf.qmation will be provided to federal and regula}tozy agencies ‘a\s it

. -There will be no fee charged for the non-invasive angiogram.
o Yciaur‘ decis;ion whether or not teo participate will not prejudice y.ou or
' your _medical care. If you decide to participate, you are free to
.withir_aw your consent and to discontinue your participation at any time
( _without prejudice to you or effect on your medical care.’ If you have any
Questions, we expect you to ask us. If you have any additicnal questions
later, we will be pleased to try to answer them.
In the event of physical injury that. arises solely out of the neéligence
-of the employees of Stanford University or of the Stanford University
Med.lcal Center or its staff in this study, reimbursement for expenses
;chu_rred for necessary medical treatment and hospitalization is R
available. For further information, please call 497-5244 or write éhe
Medical Center Camittee for the Protection of Human Subjects at 851

Welch Road, Roam 115, Palo Alto, California, 94304. 1In addition, if you

‘ '
| 0021896
|



are not satisfied :h the manner in which this stt /is being conducted,

: you may report any canplaints to the same telephone number and address.

- . . v - P

rights. These nghts include but are not limited to the subject's right

to: * Be informed of the 'riature and purpose'bf the experiment; be given an

' exp]:anation ‘of "the’ pz‘ocedures 't be followed in the medical experiment,

and any drug or device to be utilized; be given a description of ~any

attendant discomforts and r:.sks reasonably to be expected; be given an

3 explanation of any benefits to the subject reasonably to be e.xpected, if

appl:.cable, be given a disclosure of any appropriate alternatives, drugs,
or devices that might be advantageous to the subject, their rela';ive
r-isks and benefits; be informed of the avenues of medical treatment, if
any, available to the subject after the experiment if camplications |
should arise; be Ejiven an opportunity to ask any questions concerning the
experiment or the procedures involved; be instructed that consent to
participate in the medical experiment may be withdrawn at any time and
ihe subject may discontinue participation without prejudice; be given a
copy of the signed and dated consentvform; and be given the opportunity
to decide to consent of not to consent to a medical experiment without
the intervention of any element of force, fraud, deceit, duress, coercicn
or \indLie influence cn the subject's decision. -
YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE ARCVE
mmizmnou, THAT YCOU HAVE DISCUSSED THiS STUDY WITH THE PRINCIPAL

INVESTIGATCR(S) AND/CR HIS CR HER STAFF, AND THAT YOU HAVE DECIDED. TO
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PARTICIPATE BASED ' THE INFORMATION.PROVIDED. A ¥ OF THIS FORM IS
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May 20, 1986

To: Robert Hofstader

From: A. Bienenstock
Subject: Angiography Project
Dear Bob:

I am quite concerned that modifications to both software
and hardware for the angiography experiment are being made less
than 3 days prior to the exposure of the first human patient.
It is my belief that there must be a 48 hour period in which
the final hardware and software is tested prior to that
exposure.

I am also concerned that the absence of a participating
radiologist may lead to the failure to consider important
patient safety matters.

Finally, I am anxious that there be a designated
spokesperson available for discussions in the last, important
days before the exposure.

Consequently, I am requiring that the following conditions
be fulfilled prior to the first human exposure.

1. That there be no hardware or software modifications to the
system in the 48 hour period prior to the first patient scan.

2. That a complete set of documentation, including circuit
diagrams, shop drawings and all computer code, be on file with
SSRL 24 hours prior to first human patient.

3. That a certified radiologist review, at a minimum, the
medical procedures involved.

4. That a spokesman for the overall project, who has at least
60% of his time committed to the project, be available to
provide authoritative and timely information to SSRL.

5. That a review meeting with myself, Reuben Yotam, Bob
Hettel, John Cerino, and the above spokesperson, as well as
perhaps other designated SSRL personnel, be conducted each day
prior to the first human patient scan.

6. That I inform the project spokesperson in writing when I am
satisfied that this project is ready to proceed with a human
patient.

In addition, I recommend that the patient visit the facility at

least 24 hours prior to the.scan and be familiarized with the
process.
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Dr. John Cerino

Bin 69

Stanford Linear Accelerator Center
P.O. Box 4349

Stanford, CA 94305

Dear John:

This is to confirm and amplify upon on our telephone conversation of 16

May 1986.

During our telephone conversation of 16 May 1986 you ask me if I felt it

would be possible to approve or sign off on the Angiograph Safety System. My
response was no. I stated that the system may be safe but several things
bothered me which will be outlined below:

1.

Earlier versions of the one-shots used for timing were known for "hanging
up.” This information was given to R. Hettel and associates on 15 May
1986 along with the Fairchild application notes that warned of this
condition.

. - The installation specifications used for mounting the interlock switches

are unknown. Most, if not all, manufacturers give detailed information
regarding over-travel, mounting position, and mounting technigques.

Due to the complexity of the system and the difficulty in reading and
understanding the prints, it was impossible to do a failure analysis in
the period of time that we have been able to devote. This subject will
be addressed in detail later.

The components were at, or near the peak of their infant failure rate.
The results of an undetected failure would be hazardous if another
failure occurred.

It was not known if certain exclusive "or" circuits had been installed to
detect a single channel failure. That was my fault because I forgot to
ask when talking to R. Hettel on 15 May 1986.

I was still concerned because the "Beam Stopper indicator switches were
all routed through one connector. The failure of this single connector
could by-pass the Angiograph Safety System. You indicated that this
would be corrected.

Inspection of the imaging shutter at an earlier date had shown splices
which were not completely insulated. All of the wiring and connections
to safety interlock switches needed to be inspected and all wiring
verified. At this time you inquired about running the system with people
standing by the SPEAR Crash-Off Switch and the Deadman Switch (Safety
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Shutter Switch). These people would be using stop watches to time the
exposure and would manually turn the system off if there was a failure of the
chair motion or the exposure did not terminate at the proper time. My
response, as I remember, was a bit of hesitation. I then stated that it was
an accepted practice at SLAC to work on energized hazardous equipment, if
there were no other options, with a suitable number of knowledgeable people
as back-up personnel to de-energize the equipment. In some ways this was no
different. Again asked if I would approve this operation I responded that it
was up to you. Though not said, I felt that this was beyond any authority I
might have, and was at the discretion of SSRL management. While I realize
that there were only to be three (3) patients with three (3) exposures each
and that the physician was responsible for the total dose they received and
that this was in the nature of an experiment I had other reservations
regarding the equipment which were not stated at the time. These
reservations are:

1. To my knowledge the whole system had never been run using dummy
weights for patients thereby checking out the chair motion
detetector under various loads.

2. The system would be put into operation at a time when there would be
a lot of stress on the responsible engineer who would have just
finished debugging the system and might be more prone to make
mistakes.

3. During the debug period things are modified, at this time it is very
easy for undetected errors to be incorporated into a design that are
not obvious until something goes wrong. I realize that you were
disappointed that a sign off was not possible and that there is some

pressure to do an important experiment for SSRL. To do a complete
fault analysis of the system would require much more than the 40

hours each that A. Turney and I were able to devote during a rather
short period of time considering that we both have full time
responsibilities to LBL. I did not realize the complexity of the
task as it was described to me over the telephone. Only after we
got into it did it become evident that this was a very complex
system with more than the usual hazard to human beings. Since no
account numbers had been set up, we had to charge our time to our
projects. In fact, E.C. Hartwig, Head, Electronic Department of the
Engineering Division paid for Art Turney's time while I charged my
time to the Accelerator and Fusion Division. I furnish all travel
to and from SSRL. I regret that I did not have the full scope of
what was required in the beginning. If I had, I would have given
you an estimate of our time availability and would have requested
that an account be set up to collect charges. It is our normal
practice to help other facilities with reasonable amounts of effort
on a gratis basis but this one is just too large to do without
approval from our group leaders and department heads. We, of
course, welcome the opportunity to assist you in any way that we
can. Please call me if there is anything I can do in the future on
this fascinating project. A few days on occasion can be arranged
with little trouble, longer periods of time will require different

arrangements.
~ Very trul o:z§f2§23jr

802 | qe | Chester D. Pike



"SSRL MEMORANDUM

Date: May 16, 1986

TO: A. BIENENSTOCK
FROM: JOHN CERINO

SUBJECT: ANGIOGRAP SYSTEM OPERATIONAL REVIEW
The following persons met today to review the human angiography
operation and procedures:

From SLAC: J. Jasberg, G. Nelson, G. Warren;
From SSRL: J. Cerino, R. Hettel, C. Troxel
From Angiography Group: A. Thompson.

The specific objectives of the group were to:

1. Examine each identifiable hazard to the human
research subject, and identify the specific mitigation
of it;

2. Establish the operational and check-out procedures
necessary to assure safe operation.

Using a fault tree drafted by Cerino, the group conducted the
review and generated the following action items:

1l. At least 1 physician will be in attendance; the exposure will
be performed by a California licensed Radiologist, who will be the
person to actually operate the Scan Switch.

2. An attempt will be made by Troxel to improve the hutch
ventilation. He will install an emergency light in the patient
portion of the hutch.

3. The patients will be acquainted with the emergency exit
location of Bldg 131 and be told the sound of the fire alarm.

4. The Cbmplete interlock and control system, in its final config-
uration, will be cycled 100 times without failure before the first
human exposure.

5. Hettel and Troxel will develop a check-out protocol for the
interlock system and it will be performed by one of them prior to
each new patient exposure. Subsequent to that check-out no access
will be permitted to the monochromator or drum/shutter tank until
the human exposure is complete. A signed record of the check will
be made.

6. There will be a one-time calibration of the beam monitors

against TLD’s. Prior to each patient exposure a cross check of the
2 HSHICETE"SRA" the SPEAR beam current will be made.
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7. Al Thompson presented a draft experimenter check list for
review. The check-out will be performed by 2 members of the
experimental team prior to each new patient exposure. A signed
record of the check will be maintained in the experimental log
with copies to Cerino. Photocopies of the chronological
experimental log relating to human exposures will be given to
Cerino for record. .

There will be a demonstration of the complete system at 10:00 am
on Monday May 19.

cc:
attendees
file

s . — - P " ge— - . e e — o pESC e ——— e e
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$ TYPE CHEK.LST
Hed May 14/5FPM

Patient log book will have medical information

Experimental log book will have:

Day/Time -
Machine

-~ enerqgy

- current

- wiggler field

- lifetime

- check physician display of machine current
Monochromator

- stepping motor position
—~ piezo voltage setting
- water flow

Slit - 4 position settings

Drum -

-—
-

2 jack positions
speed settings

gain and phase setting
sync with line

output voltage

Shutters operational
Ionization Chambers
gas flowing (make sure that it’s argon)
high vwoltage ON and voltage setting recorded

Chair -

Detector

output current ve machine current
manual integral counter reset

check physician digsplay of integrate
electrometer gains

check that in phantom scan that I(sa
is zero position correct

in phantom €can in correct pasition
check position readout to computer

check position aligamgdnt system
thermoelectric cooler ON
high voltage ON znd voltage recorded

vacuum COK
calibration checked
gain settings of all channele

Power Injector

Rencgqrafin Y6 lcaded

Crash Cart Available

002190b
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SCAN PROTOCOL

Calibration
- using several different thickness of absorber and several gain
settings of the analog electronics acquire at least 2 calibration

runs at each settzng.

VPhéntom Scan

position dog heart
Absorber 0OUT
Interlocks operaticonal
manual scalars reset
scan speed set correctly

in standard position

Positioning Scan

Angiograp

Lob1zZoo

Calibrati

Final ecalibration runs (like initial calibration runs)

Absorber IN

Chair position correct

Patient positioned in chair OK
Injector NOT armed

ECG operationsal

check physician display of
_manual scalars reset

interlock check
- 2927

qcannzng parameter check
- &tarting position
number of image channels
- Io channel number
number of frames
- Scan number corvrect

- computer ready for scan command
- Beam ON

hy Scan

Absorber OUT .

Chair position correct

Patient positioned in chair OK
Renografin loaded
tubing connected
Injector parameters
Injector aRMED
ECG operationsal
check physician display cof
manual scalars resst
interlock check
- PPP?Y
scanning parametey check
- starting position
- number of image channels
- Io channel number
- stavrting time of
- number of frames
- Scan number correct
- computer ready for
- Bearn OM

correct and logged

frames

scan command

on/Phantom ecane will be done between

integrated flux and

integrated flux and rezet

reset

each patient scan

- using several different thickness of absarber and seversal gain

settings of the analocg electronics
runs at each setting

acquire at least 2 calibration



- doors OK

. - motion detector
= tim tive
~ er acti

~—

RaDIATION SAFETY
- Pb shielding in place
-~ background dose measured
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1;1£3 MAIL #66
From:CERINO 14-MAY-1986 13:03

To:HETTEL, THOMPSON,TROXEL ,CERINO -
Subj:ANGIOGRAPHY SYSTEM OPERATIONAL REVIEW

AT 10:00 AM ON THIS FRIDAY, MAY 16 WE WILL MEET TO PERFORM A FULL
ANGIOGRAPHY OPERATIONAL REVIEW.

THIS REVIEW WILL CONSTITUTE THE SYSTEM SAFETY ANALYSIS WHICH, TOGETHER
WITH CHET PIKE'S INTERLOCK CIRCUIT ANALYSIS, WILL SUPPORT ARTIE'S
APPROVAL TO PROCEED WITH THE HUMAN SUBJECT EXPOSURES.

IT WILL ALSO DETERMINE THE OPERATIONAL PROTOCOLS FOR ASSURANCE THAT
IT WILL ALSO DETERMINE THE OPERATIONAL RPOTOCOLS FOR ASSURING THAT
THE SYSTEM HARDWARE IS FUNCTIONING PRIOR TO EACH HUMAN EXPOSURE.

I HAVE RESERVED THE 120 CONFERENCE FROM 10:00 TO 12:00 ALTHOUGH I
EXPECT WE MAY WANT TO BE AT THE EXPERIMENTAL STATION FOR MUCH OF
THIS PROCESS. PLEASE SET ASIDE SUFFICIENT TIME FOR TO COMPLETE
THIS SESSION. THANK YOU.

Press RETURN for more...

MAIL |
1;1£J MAIL #66

JOHN

PS: I UNDERSTAND THAT IT WAS DECIDED AT TODAY'S STAFF MEETING THAT A
5/19 EXPOSURE IS UNREASONABLE BASED UPON TODAY'S STATUS. AL, CAN
YOU CONFIRM THAT THIS IS YOUR UNDERSTANDING?

MAIL| ex
$
lo ‘
CERINO logged out at 14-MAY-1986 13:07:41.27
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M‘ORM@CWSENTEORSYNGRMRWMOGRAH{YBYDEANSOFVHQOUSMW4

OFCONmASTAGENT

. You are invited to participate in a study of angiography. You have

elready undergone angiography by the conventional method, involving

. arterial catheterization and the direct injection of contrast agents into

the arteries. We hope to develop a means of visualizing these arteries

5w1thout t.he neces51ty of physma.uy entering then w1th needles and
tubes In the pr&sently proposed technique, the contrast agent is
:lnjected into veins, instead of arteries, a procedure that is believed to
- .' be substantially safer.

If you dec1de to partlc:Lpate, we will perform an angiographic procedure
(coronary, cere.bral, other,) by means of a venous injection of contrast
agent, employing X-rays produced at the Stanford Synclirotron Radiation
Laboratory.“. You will be given injections into a vein. of a radiographic
contrast agent, as employed in routine clinical practice. The injection
may be given directly into a vein in the amm or ‘may be given into a vein
in the chest. In the latter instance a flexible, hollow tube, called a
catheter, will be inserted into a vein in an extremity or the neck, and
the catheter is then advanced into the chest so that its tip is in a
central vein adjacent to the intake chamber (right atrium) of the heart.
The contrast agent will then be administered using a power injector, at a
rate up to 20 ml/sec and at a dose of up to 0.75 ml/kg of body weight per

injection. Following the injection, scanning digital radiographs will be

0021912
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taken of the &« 2rial structures being studied.(;, -he procedure will

p}obabli ’requlre 172 to 1 172 hours 'I‘he Yisks of this p}:ocedure include
the following: “ severe allergic (anaphylactoid) reaction to the icdine
contrast agent, mechanical tear of a vein; local bleedmg, impaired
kidney ftmctlon; reaction to local leakage of dye. The procedure

involves minor surgery and entering the blood vessels with special

. Pldstic tubes. “Leakage ot ‘irritation at ‘the site Of 'blood vessel entry

- 0. 5 percent.

~ may cause local discamfort. Among the ccmplications of the procedure are
: "'.blood_ clots, 1rregulant1es of the heart beat, heart attack and death.

'Ihe lzkelz.hood of the serious canphcata.ons is believed to be less than

i ———r o .t s mn v e~ -

'I‘here are nsks related to radiation exposure inherent in any x-ray
éanunauon, including delayed cancer and genetic change. The exposure
f’ra.n thls examination will carry with it a risk equivalant to that fram
approximately 4 months of natural background radiation. 1In this
'ékaniiria‘ti’oh, approximately eight to ten radiographs (x-ray iﬁctures) will
be recorded, and the x-ray exposure of each is similar to the exposure
‘$nvolved in an ordinary x-ray picture of the heart region.

Tt would be impractical and even misleadirig to describe in detail all of
the possible risks and ccmplications which might result from the proce-
dure. Any questions should be discussed with a member of the angiography
‘team who will be performing the study. This person will review the pro-

cedure as is planned for your individual case.

Potential benefits that may be accrued to you relate to information about

0021913 2



. the status ¢ -he arteries to be studied. SLi{.\- information might be
..accumilated without the necessity of performing invasive arterial
Linject:n.ons.‘ We can not and do not guarantee or pramise that you will
:_;ceogive.any benefits fram this study.

. Any data that may be published in scientific journals will not reveal the
r_,.-_.:iggit_-z_r;tity.c_f,_t:he subjects.‘;; -¥n -theinterest of public 'safety, patient”
,.,infqmation will be provided to federal and regulatory agencies as

s

-'niére will be no fee charged for the non-invasive angiogram.

Ybur decision whether or not to participate will not prejudice ybu or
your medical care. If you decide to participate, you are free to . .
.withdraw your consent and to discontinue your participation at any time
_witlmout prejudice to you or effect on your medical care.' If you have any
questions, we expect you to ask us. If you have any additional questions
later, we will be pleased to try to answer them. |

PR A

'In the event of physical injury that‘ arises solely out of the négligence
of the employees of Stanford University or of the Stanford University
yqdical Center or its staff in this study, reimbursement for expenses
incurred for necessary medical treatment and hospitalization is sy
available. For further information, please call 497-5244 or write the
Medical Center Committee for the Protection of Human Subjects at 851

Welch Road, Room 115, Palo Alto, California, 94304. In addition, if you

p0zIa14: =
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are not satis. ed with the manner in which this study is being conducted,
yoﬁ‘mayreport aﬁy camplaints “to the same telephone number and address.

. .
A | . .. te

Persons who participate in a medical experiment are entitled to certain
rights. These rights include but are not limited to the subject's right

to:  be informed of the nature and purpose of the experiment; be given an

. expindtion of ‘the' procedures to be followed in the medical experiment,

and any drug or device to be utilized; be given a description of any

_ attendant discomforts and risks reasonably to be expected; be given an

" explanation of any benefits to the subject reascnably to be expected, if

éppiicable; be given a disclosure of any appropriate alterhatives, drugs,
or devices that might be advantageous to the subject, their relat_:ive
risks and benefits; be informed of the avenues of medical treatment, if
any, available to the subject after the experiment if camplications |
should arise; be given an opportunity to ask any questions concerning the
experiment or the procedures involved; be instructed that consent to
pa'ftiéipate in the medical experiment may be withdrawn at a;fly time and
fhe subject may discontinue participation without prejudice; be inen a
copy of the signed and dated consent‘form; and be given the opportunity
to decide to consent or not to consent to a medical experiment without
the intervention of any element of force, fraud, deceit, duress, coercicn

or undue influence on the subject's decision. T
YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE ABOVE

INFORMATION,” THAT YOU HAVE DISCUSSED THIS STUDY WITH THE PRINCIPAL

INVESTIGATCR(S) AND/OR HIS OR HER STAFF, AND THAT YOU HAVE DECIDED. TO

0021915 ~4-



PAR'J_['ICIPATE ., SED ON THE INFORMATIONPROVIDED@VA COPY CF THIS FORM IS

AVATIABLE TO YOU UPCN REQUEST.

- Signature- c£ ‘i -io .t . o e ©iDate

P A e L R e T e T T Ry O W G -~ -~ -
i
" -
PO I - i

Signature of Investigator or Witness

L .
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15153 Y ‘i MAIL #49
From: THOMPSON 22-APR-1986 12:19
To:CERINO,YOTAM,HETTEL
Subj:‘mgiography &chedule

* .-- .\s v -2
Our tentative schedule for the angiography run in May is: NE .

1. April 24 - April 28 S - \.
- monchromator testing
- detector, drum and chair installation
- initial system tests
2. April 30 - May 5
- safety systenm instaltion
- testing of drum and chair systems
3. May 7 - May 12
- Testing of all safety system interlocks
- calibration of x-ray flux
Press RETURN for more...
MAILZ
1;1fJ MAIL #49
- imaging tests with phantoms
4, May 14 - May 19

- Testing of complete imaging system and scanning
protocol.

- Imaging of dog.

- Evaluation of system performance at different

scanning speeds using phantoms.

LIb1200

5. May 22 - May 26

- Imaging of coronary arteries of human subject.

This schedule is of coarse only tentative since there



is a lot of equipment to make work.

In general we plan to give priority to getting ihe
safety system installed and therefore we will work at
night if the day shift is needed to wire the hutch.

The cooperation of the SSRL staff has been outstanding.
We realize and appreciate the extra effort that many staff
Press RETURN for more...

MATL}
1;1FJ MATL #49

members are making.

MAILZ '
$MAIL-E-NOMOREMSG, no more messages

MAILZ

lo »
$MAIL-E-INVCMD, unrecognized command ‘'LO'

MAIL3} ex

$ lo
CERINO logged out at 22~APR-1986 14:28:03.86
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Penensstoc ©
STANFORD SYNCHROTRON RADIATION LABORATORY

PO. Box 4349, Bin 69
Stanford, California 94305

RECEIVED (415) B54-3300 Ext. 2874

Telex: 348 402 STANFRD STNU

APR 16 1986
SSRL
1;1£3 | MAIL #1
From:CERINO 16-APR-1986 08:39

To:A,WILKEN,GOUGH,CAROL,CERINO "
Subj:ANGIOGRAPHY MATERIAL

CAROL WILL BE SENDING YOU COPIES OF CORRESPONDENCE BETWEEN ROLAND
FINSTON OF STANFORD OHP AND RUBENSTEIN WHICH FOLLOW UP ON
FINSTON'S 2/11 MEMO OBSERVATIONS ABOUT THE CONSENT MATERIAL.

ENCLOSED ALSO IS A REVISED CONSENT PACKAGE WHICH HAS BEEN
SUBMITTED TO THE HUMAN SUBJECTS COMMITTEE OF STANFORSD MEDICAL.

AS YOU WILL SEE, THIS TOOK PLACE PRIOR TO THE COMMENTS MADE BY
DOE ESQA. THOSE COMMENTS HAVE BEEN PASSED ON TO THE ANGIOGRAPHY
GROUP ONLY MONDAY. NO RESPONSE HAS YET BEEN MADE TO THEM.

PLEASE REVIEW THE MATERIAL AND THINK -IF IT ANSWERS ANY OR ALL OF
THE OUTSTANDING MATTERS WHICH HAVE BEEN RAISED.

THANK YOU.
Press RETURN .for more...

MAIL]|
1;1£J MAIL #1

CC: G. WARREN SLAC ESO

0021920:



€. 5 N
9@% o
RECEIVED

APR 16 1386
SLAC MEMORANDUM SSRL April 15, 1986

To: A. Bienenstock
FroM: B. Richter

SUBJECT: Dichromography Experiment

Dear Artie,

This memo concerns the approval of SSRL proposal 456 “Iodine Dichromography
with Monochromatic X-ray Beams for Angiography.” As you know, the memorandum of
understanding and agreement between SLAC and SSRL gives the responsibility for safety
at SSRL to SLAC. The dichromography experiment proposes to expose human subjects
to synchrotron radiation as part of a medical experiment to test a procedure that may be
inherently more accurate and safer than the procedure currently used to diagnose problems
with partially blocked blood vessels. Thus the safety issues in this experiment involve
medical issues such as dose rate, exposure, etc., as well as the usual issues of radiation
safety that are reviewed in the analysis of typical experiments.

The SLAC radiation committee has reviewed this proposal. It’s review was aimed
at seeing that devices and procedures were in place to assure that the subject did not
get an accidental dose beyond that planned as part of the experiment itself. Various
modifications to apparatus and procedures were required, and I understand that these
have now been implemented. Recently the last analysis required for this experiment, the
ray trace analysis, has been received by Gary Warren, analyzed by him and approved.
With this the work of the radiation committee is complete.

The final element required for the approval of this proposal is the approval by the Uni-
versity’s panel on experimentation on human subjects. Our safety office has just received
a copy of the approval by this panel, and so you have our permission to proceed.

cc: A. Boyarski
G. Warren
E. Rickansrud
W. C. Gough

0621921



MEMORANDUM Apr i1 11,1986
TO : R. Hofstadter

FROM : A. Bienenstock

SUBJECT : Angiography Experiment at SSRL

I want to be sure that everything is in order before we proceed
with the experimentation on humans at SSRL. In recent staff and
directorate meetings I have found enough uncertainty that I
believe a joint meeting is necessary to discuss outstanding issues
which may demand attention before experimentation can take place.
I suggest a small group of SSRL staff attend your regular Tugsday
meeting on the Angiography project on April 22. If this is
satisfactory with you please advise us of the time and place. If
you would 1like to meet at SSRL we will be happy to makg
arrangements. Please ask your secretary to confirm with Shirley
Robinson at 280-3153.
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U.S. DEPARTMENT OF ENERGY

Stanford Site Office (SLAC/SSRL)
RE CEIV ED Energy Research Division/SAN

Stanford University COMM: (415) 854-3300
APR 11 1986 P.O. Box 4349 - BIN 8A X2261
SSR L Stanford, California 94305 FTS: (8) 415-470-9040

April 10, 1986

Dr. Arthur Bienenstock, Director

- Stanford Synchrotron Radiation Lab
Building 120 - BIN 69

2575 Sand Hill Road

Menlo Park, CA 94025

Subject: SSRL Prop. #456 "Iodine Dichromography with
Monochromatic X-ray Beams for Angiography"”

Dear Artie,

I have enclosed the memo to me from Jim Davis, Director of
ESQA/SAN on the above subject. Since this project has the
potential to be one of the most visible SSRL projects with
possible great benefits to the general public, I strongly suggest
that you implement the recommendations of Jim as soon as
possible.

Sincerely,

William C. Gough, Director

Stanford Site Office (SLAC/SSRL)
ER Division, SAN

cc: Jim Davis, ESQA/SAN (w/0 enclosure)
Bob Marianelli, ER-14
Ed Temple, ER-65
Dick Nolan, ER/SAN

M11/ART.MEM
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DATE:
REPLY TO
ATTN OF:

SUBJECT:

TO:

April 8, 1986
ESQA

SSRL Prop. #456 "Iodine Dichromography with Monochromatic X-ray Beams for
Angiography"

Bill Gough, Director, SSO/ER

ESQA has reviewed the information you forwarded to us on the subject proposal.
It is likely that the requirements of 10CFR745 have been met. We believe the
necessary safety precautions are being taken. We do offer the two comments
below for your consideration.

It is recommended that the existence of an "approved general assurance" on
file with the Department of Health and Human Services be verified and that a
copy be obtained.

In discussions with Dr. Jim Robertson of the Office of Health and
Environmental Research (OHER ER-70), it became clear that the aspect of
"informed consent" is extremely important. It is recommended that the
informational paper to the patient clearly outline any differences between the
synchrotron radiation protocol and the normal procedures, such as the
difference in radiation dose. It is also suggested that guidance on informed
consent be solicited from OCC and OHER.

,@/
James T.¢Davié, Director

Environment, Safety and
Quality Assurance Division

802192y,



STANFORD SYNCHROTRON RADIATION LABORATORY

April 10, 1986
TO: J. Cerino
FROM: A. Bienenstock
SUBJECT: Angiography Experiment

Enclosed is a copy of a Safety Analysis Review System
Documentation Form. Bill Gough believes that we should do one
of these for the angiography experiment.

In addition, enclosed is a memo from James T. Davis to
Bill Gough which is also about the angiography experiment.
Please refer to the second and third paragraphs. 1In the
second, they call for a copy of an "approved general assurance"
form. Can you take care of that?

Note that the third paragraph deals with "informed
consent". I would appreciate it if you would discuss this with

Dr. Rubenstein to assure that we and the patient get copies of
the informational paper discussed in that paragraph.

Enclosures 422245‘

00214925
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SAFETY ANALYSIS REVIEW SYSTEM DOCUMENTATION FORM

This form records the safety analysis review process required by DOE 5481.1A

1. SAFETY ANALYSIS DOCUMENT TITLE AND DATE: Building 137 Safety

Analysis Report, November 1984 "

2. THIS DOCUMENT DESCRIBES:

O NEW FACILITY @ EXISTING FACILITY  © ENTIRE PROGRAM
o MAJOR MODIFICATION

3. DOE 5481.1A HAZARD CLASSIFICATION
o HIGH ™ MODERATE ' o LOW o EXCLUDED
4. CONTRACTOR  LLNL ® Approval of Safety Documents

O Authorization to Operate
New/Modified Facility

oL Lpurr (bl Tt ELmrth

Reviewed/by: Lynn Cleland Rpproved byss H. C. McDonald
Dep. Prog. Ldr., Tefhn1Cu] Se"v1fes Associate Director for Engineering
[2—-15-54 1R=&~-Ft
Date ' Date
5. FIELD OFFICE <2f«/ ® Concurrence with Attached Safety’
Documents -

® Authorization to Operate

New/Modified Facility
ey PR gt i
. Line frogram Official

Reviewed tfy:
Lo Ay 1985 ~ 7 Noveoton 1765
Date _ : Date
6. HQ PROGRAM OFFICE O Concurrence with Attached

+ Safety Documents

O Authorization to Operate
New/Modified Facility

002192b
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United States Government Jepartment of Energy

memorandum

DATE: April 8, 1986
REPLY TO
ATTN OF: ESQA

SUBJECT: SSRL, Prop. #456 "Iodine Dichromography with Monochromatic X-ray Beams for
Angiography"

TO: .
Bill Gough, Director, SSO/ER

ESQA has reviewed the information you forwarded to us on the subject proposal.
It is likely that the requirements of 10CFR745 have been met. We believe the
necessary safety precautions are being taken. We do offer the two comments
below for your considerationm.

It is recommended that the existence of an "approved general assurance" on
file with the Department of Health and Human Services be verified and that a
copy be obtained.

In discussions with Dr. Jim Robertson of the Office of Health and
Environmental Research (OHER ER-70), it became clear that the aspect of
"informed consent'" is extremely important. It is recommended that the
informational paper to the patient clearly outline any differences between the
synchrotron radiation protocol and the normal procedures, such as the
difference in radiation dose. It is also suggested that guidance on informed
consent be solicited from OCC and OHER.

#/
James T./Davis, Director

Environment, Safety and
Quality Assurance Division
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OFFICE MEMORANDUM STANFORD UNIVERS ° FFICE MEMORANDUM STANFORD RSITY OFFICE MEMORANDU:

FROM:

SUBJECT:

" DATE: April 7, 1986

R. Hofstadter, M.D., E. Rubenstein, M.D., D.C. Harrison, M.D., Jd. G1acom1n1, M.D.
& H. Gordon, M D., Department of Med1c1ne

Kathy McClelland, Coordinator ﬂ
Human Subjects Committee G-+
703 Welch Road, Suite G-1
Protocol entitled: Revision of: K-edge Angiography with Synchrotron X-rays.
Grant title: K-edge Subtraction Angiography unth
Synchrotron X-rays.

The Human Subjects Canmittee has reviewed your research protocol and
has the following verbatim comments:

1. How is what happens for study participants different than what would
happen if they merely had arteriography?

2. This needs to be highlighted in the consent.

3, Early in the consent, they need to know they're agreeing to have
two procedures (probab]y)

Please send me your comments and revised consent form (4 copies w1th
changes highlighted) for further consideration.

Thank you for your cooperation.

0021928



Feom :R. Hofstadter ,Ph.D.,

OFFICE MEMORANDUM e STANFORD UNIY' "1~ .o OFFICE MEMORANDUM e STANFC ' YERSITY e OFFICE MEMORANDL

Dare:  April 8, 1986

:Kathy McClelland, Coordinator
Human Subjects Committge, 703 Welch Road, Suite G-1

. Rubenstein, M.D., D.C. Harrison, M.D., J.

Giacomini, M. .D.

Susiect:Protocol entitled: Revision of: K-edge Angiography with Synchrotron X-rays

Grant title: K-Edge Subtraction Angiography with
Synchrotron X-rays

Dear Ms. McClelland:

This is in response to the memo of April 7, 1986. We have revised the
Consent Form to make it clear that the study participant has already
undergone conventional arteriography and is now being invited to par-
ticipate in a study involving transvenous arteriography.

The candidate participants are not being asked to undergo two procedures,
inasmuch as all subjects in this study are individuals who have already
undergone arteriography by the conventicnal method.

The introductory paragraph has been revised and the last sentence in
paragraph 1 of page 3 has been deleted.
Thank you for your continuing advice and assistance.

ER/aw

Enclosure

6021929
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4/8/86

INFORMED CONSENT FOR SYNCHROTRON ANGIOGRAPHY BY MEANS OF VENOUS INJECTION
OF CONTRAST AGENT

You are invited to participate in a study of angiography. You have
already undergone angiography by the conventional method, involving
arterial catheterization and the direct injection of contrast agents into
the arteries. We hope to develop a means of visualizing these arteries
without the necessity of physically entering them with needles and

tubes. In the presently proposed technique, the contrast agent is
injected into veins, instead of arteries, a procedure that is believed to

be substantially safer.

If you decide to participate, we will perform an angiographic procedure
(coronary, cerebral, other,) by means of a venous injection of contrast
agent, employing x-rays produced at the Stanford Synchrotron Radiation
Laboratory. You will be given injections into a vein of a radiographic
contrast agent, as employed in routine clinical practice. Thé injection
may be given directly into a vein in the arm or may be given into a vein
in the chest. In the latter instance a flexible, hollow tube, called a
catheter, will be inserted into a vein in an extremity or the neck, and
the catheter is then advanced into the chest so that its tip is in a
central vein adjacent to the intake chamber (right atrium) of the heart.
The contrast agent will then be administered using a power injector, at a
rate up to 20 ml/sec and at a dose of up to 0.75 ml/kg of body weight per

injection. Following the injection, scanning digital radiographs will be

0021930



taken of the arterial struc  neing studied. The procedu

probably require 1/2 to 1 1/2 hours. The risks of this procedure include
the following: severe allergic (anaphylactoid) reaction to the iodine
éontrast agent; mechanical tear of a vein; local bleeding; impaired
kidney function; reaction to local leakage of dye. The procedure
involves minor surgery and entéring the blood vessels with special
plastic tubes. Leakage or irritation at the site of blood vessel entry
may cause local discomfort. Among the complications of the procedure are
blood clots, irregularities of the heart beat, heart attack and death.
The likelihood of the serious complications is believed to be less than

0.5 percent.

There are risks related to radiation exposure inherent in any x-ray
examination, including delayed cancer and genetic change. The exposure
fraom this examination will carry with it a risk equivalant to that fram
approximately 4 months of natural background radiation. In this
examination, approximately eight to ten radiographs (x-ray p?ctures) will
be recorded, and the x-ray exposure of each is similar to the exposure

involved in an ordinary x-ray picture of the heart region.

It would be impractical and even misleading to describe in detail all of
the possible risks and camplications which might result from the proce-
dure. Any questions should be discussed with a member of the angiography
team who will be performing the study. This person will review the pro-

cedure as is planned for your individual case.

Potential benefits that may be accrued to you relate to information about
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the status of the ‘eries ‘'be studied. Such inf iation  jht be
accumulated without the necessity of performing invasive arterial
injections. We can not and do not guarantee or promise that you will

receive any benefits fram this study.

Any data that may be published in scientific journals will not reveal the
identity of the subjects. In the interest of public safety, patient
information will be provided to federal and regulatory agencies as

required.
There will be no fee charged for the non-invasive angiogram.

Your decision whether or not to participate will not prejudice you or
your medical care. If you decide to participate, you are free to
withdraw your consent and to discontinue your participation at any time
without prejudice to you or effect on your medical care. If you have any
questions, we expect you to ask us. If you have any additional questions

later, we will be pleased to try to answer them.

In the event of physical injury that arises solely out of the negligence
of the Stanford University Medical Center or its staff in this study,
fei.mbursement for expenses incurred for necessary medical treatment and
hospitalization is available. For further information, please call
497-5244 or write the Medical Center Cammittee for the Protection of
Human Subjects at 851 Welch Road, Roam 115, Palo Alto, California,

94304. In addition, if you are not satisfied with the manner in which
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this study is being 'nduct , you may report any ccC ?.aint‘. 5 the same

telephone number and address.

Persons who participate in a medical experiment are entitled to certain
rights. These rights include but are not limited to the subject's right
to: be informed of the nature and purpose of the experiment; be given an
explanation of the procedures to be followed in the medical experiment,
and any drug or device to be utilized; be given a description of any
attendant discamforts and risks reasonably to be expected; be given an
explanation of any benefits to the subject reasonably to be expected, if
applicable; be giveﬁ a disclosure of any appropriate alternatives, drugs,
or devices that might be advantageous to the subject, their relative
risks and benefits; be informed of the avenues of medical treatment, if
any, available to the subject after the experiment if camplications
should arise; be given an opportunity to ask any questions concerning the
experiment or the procedures involved; be instructed that consent to
participate in the medical experirreht may be withdrawn at any time and
the subject may discontinue participation without prejudice ;~ be given a
copy of the signed and dated consent form; and be given the opportunity
to decide to consent or not to consent to a medical experiment without
the intervention of any element of force, fraud, deceit, duress, coercion

or undue influence on the subject's decision.
YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE ABOVE

INFORMATION, THAT YOU HAVE DISCUSSED THIS STUDY WITH THE PRINCIPAL

INVESTIGATOR(S) AND/OR HIS CR HER STAFF, AND THAT YOU HAVE DECIDED TO

0021933



PARTICIPATE BASED ON “{E IN MATION PROVIDED. A COF OF TH ‘FORM IS

AVAIIABLE TC YOU UPON REQUEST.

Signéture Date

Signature of Investigator or Witness

11/81
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REVISION protocol #

REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT RISK
THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH

To: Kathy McClelland, 851 Welch Rd., #115 (X5244) Date: March 6, 1986 -

PI for Grant/Project: Robert Hofstadter MD/PhD Title; Professor .

Other Investigators: _Edward Rubenstein, M.D. MD/PhD Professor (Clinical)
: Donald C. Harrison, M.D. MD/PhD Professor

Title of Research Project: K-edge Angiography with Synchrotron X-rays

(AND GRANT, IF DIFFERENT) _K-edge Subtraction Angiography with Synchrotron X-rays

1 RO1 HL29024-01-Al NIH Grant 1/1/83-6/30/86
Contract/Grant #1 Hv-38039 Sponsor NIH Contract Period 7/1/83-6/30/86

DE-AT(03-84ER60200 DOE Grant 2/1/82-1/31787
Invest1gator s Address rn. TC-129 Dept.Medicine Ext.7-7188 B '
Sponsored x Unsponsored Investigational Drug Investigational Device

IND # , IDE #
Deﬁartment Chairman Signature: W _
REVIEW PROCESS - Check One: REGULAR REVIEW PLEASE SEND 4 COPIES TOTAL (DO NOT STAPLE)
~-t EXPEDITED REVIEW PLEASE SEND 2 COPIES (See regulations
(VA Not Eligible) on reverse side of this form)

Paragraph number under which exped1ted
review is requested.

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE
RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST TUESDAY OF EVERY MONTH AND
REVISION APPLICATIONS SHOULD REACH THE COMMITTEE 15 NDAYS PRIOR TO THE MEETING DATE.

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

1. Describe:Any Changes Since Original Approval.

2. Attach the Consent Form(s) You are Using for this Study.
(Even if it is the same as previously approved.)

2/86 0021935: | | | KEpToTaT UaFé



REVISION

Request for Institutional Approval of the Protocol Entitled:
"K~-Edge Subtraction Angiography with Synchrotron X-rays"

Additional Information:

1. Describe Any Changes Since Original Approval.

The consent form has been modified to provide more detailed
information about risks related to the venous catheteriza-
tion procedure and to the radiation exposure. Corrected
parameters for contrast agent administration have been pro-
vided. i -

A report from Roland Finston is appended in which he pro-
vides additional information regarding radiation exposure.

2. Consent forms are attached.
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INFORMED CONSENT FOR SYNCHROTRON ANGIOGRAPHY BY MEANS OF VENOUS INJECTION

OF CONTRAST AGENT

You are mv:Lted to participate in a study of angiography. We hope to
develop a means of visualizing arteries without the direct iﬁjection iﬁto
the arteries of x-ray oontrast agents. You were selected as{zuﬁgsible
participant in this study because your physician(s) has recommended that
you undergo anglography by the invasive technique, J.nvolvmg arterial

i catheterization and the direct injection of contrast agents mto the ~
arteries. |
If you decide to -participate, we will perform an angiographic procedure
(coroxﬁry, cerebral, other,) by means of a venous injection of contrast
agent, employing x-rays produced at the Stanford Synchrotron Radiation
Iaboratory. .You will be given injections into a vein of a radiographic
contxast agént, as employed in routine clinical practice. The injection

may be given directly into a vein in the arm or may be given into a vein

in the chest. In the latter instance a flexible, hollow tube, called a
catheter, will be inserted into a vein in an extremity or the neck, and

the catheter is then advanced into the chest so that its tip is in a

central vein adjacent to the intake chamber (right atrium) of the heart.
The contrast agent will then be administered using a power injector, at a

rate up to 20 ml/sec and at a dose of up to 0.75 ml/kg of body weight per
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injection. Following the injection, scanning digital radiographs will be
taken of the arterial structures being studied. The procedure will
probably require 1/2 to 1 1/2 hours. The risks of this procedure include
the following: severe allergic (anaphylactoid) reaction to the icdine
contrast agent; mechanical tear of a vein; local bleeding; impaired
kidney function; reaction to local leakage of dye. The procedure

- involves minor surgery and entering the blood vessels with special

' ' plastic tubes. Leakage or irritation at the site of blood vessel entry

may cause local ‘éiscanfort. Among the camplications of the procedure are

blood clots, irregularities of the heart beat, heart attack and death.

The likelihood of the serious camplications is believed to be less than

-

0.5 percent.

There are risks r.jelated to radiation exposure inherent in any x-ray

examination, including delayed cancer and genetic change. The exposure
fram this examination will carry with it a risk equivalant to that fram
approximately 4 months of natural background radiation. In this e
e.?canﬁnation, approximately eight to ten radiographs (x-ray pictures) will ’
be recorded, and the x-ray exposure of each is similar to the expcsure

involved in an ordinary x-ray picture of the heart region.

It would be impractical and even misleading to describe in detail all of

the possible risks and camplications which might result fram the proce-

i dure. Any questions should be discussed with a member of the angiography
| team who will be performing the study. This person will review the pro- ‘ .

cedure as is planned for your individual case.

6021938:
» ' . :- . b
v """':5"5‘;"3:'\";’:?}";'~:..‘.A»f."€ S



Potential benefits that may be accrued to you relate to information about
the status of the arteries to be studied. Such information might be
accumulated without the necessity of performing invasive arterial
injections. We can not and do not guarantee or pramise that you will
receive an\y benefits fram this study. After ana.'_lyzing the rest;lts of

this examination, your physician may recamnend that you undergo the

alternative procedure, that of routine angiography employing arterial

catheterization and direct injection of radiocontrast agents into the
arteries. _ s

Any data that may be published in scientific journals will not reveal the
identity of the subjects. In the interest of public safety, patient -
S information will be provided to federal and regulatory agencies as

required.
There will be no fee charged for the non-invasive angiogram.

Your decision whether or not to participate will not prejudice you or

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

w:i.thdraw your consent and to discontinue your participation at any time
without prejudice to you or effect on your medical care. If you have any

questions, we expect you to ask us. If you have any additional questions

later, we will be pleased to try to answer them.

In the event of physical injury that arises solely out of the negligence

) )
o
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of the Stanford University Medical Center or its staff in this study,
reimbursement for expenses incurred for necessary medical treatment and
hospitalization is available. For further information, please call
497-5244 or write the Meaical Center Camittee for the Protection of
Human Subjects at 851 Welch Road, Room 115, Palo Alto, California,
94304. In addition, if you are not satisfied with the manner in which

this study is being conducted, you may report any camplaints to the same

. telephone number and address.

Persons who participate in a medical experiment are entitled to certain
rights. These rights include but are not limited to the subject's right
to: be informed of the nature and purpose of the @Mt; be given an‘
explanation of the procedures to be followed in the medical experiment,

: and any drug or device to be utilized; be given a description of any

| attendant discamforts and risks reasonably to be expected; be given an
explanation of any benefits to the subject reasonably to be expected, if
applicable; be given a disclosure of any appropriate alternatives, drugs,

or devices that might be advantageous to the subject, their relative

risks and benefits; be informed of the avenues of medical treatment, if

any, available to the subject after the experimént if camplications

should arise; be given an opportunity to ask any questions concerning the
experiment or the procedures invélved; be instructed that consent to

participate in the medical experiﬁ\ent may be withdrawn at any time and

the subject may discontinue participation without prejudice; be given a
copy of the signed and dated consent form; and be given the opportunity -

to decide to consent or not to consent to a medical experiment without
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the intervention of any element of force, fraud, deceit, duress, coercion

or undue influence on the subject's decision.

YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE ABCOVE
INFORMATION, THAT YOU HAVE DISCUSSED THIS STUDY WITH THE PRINCIPAL
INVESTIGATOR(S) AND/COR HIS OR HER STAFF, AND THAT YOU HAVE DECIDED TO
PARTICIPATE BASED ON THE INFORMATION PROVIDED. A COPY OF THIS FORM IS

AVAIIABLE TO YOU UPON REQUEST.

Signature Date

Signature of Investigator or Witness

11/81
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OFFICE. MEMORANDUM o STANFORD UNIVERSITY e OFFICE MEMORANDUM o STANFORD UNIVERSITY o OFFICE MEMORAN.

o <

To

From

SuBJECT:

Date:  February 24, 1986

Professors Edward Rubenstein, Donald Harrison, and Robert Hofstadter
Roland Finston éﬁawkgvt:
Health Physics OERCX‘

Research subject radiation exposure from K-edge Angiography with
Synchrotron X rays.

Thank you for your letter of February 11 and the revised consent
form (draft of Feb. 12). Now that the specifics of the patient imaging
protocol have been defined, an estimate of the radiation exposure can be
made. I use the following assumptions to describe the typical study:

Entrance field size =- 12 cm wide x 12 cm high
Projections, # frames -- lateral, 7 frames

LAO, 2

RAO, 2
Entrance skin exposure - 391 mR/frame (8.3 msec/line)

The skin exposure per frame, as you note in the consent form, is similar

to that from a standard radiograph of the heart. The assessment of risk

is properly directed to the most radiosensitive organs: bone marrow,
thyroid, breast (female), and lung. The data of Rosenstein* are avail-
able for calculating the dose to bone marrow and thyroid. In consultation
with Dr. Giacomini the location of the beam on the skin for each projection
has been defined. The resulting calculations show a mean bone marrow dose - - -
of 32 mrad, and a thyroild dose of less than 2 mrad. As for the lung dose,
there is only a small fraction of this organ in the field of view. The
mean lung dose is believed to be about 100 mrad. For female subjects,
provided that the breast tissue is either on the exit side of the body"
(e.g. the beam inters from the posterior side) or entirely outside the
field of view (for lateral project,), the mean breast dose is estimated

to be less than 100 mrad as well.

The radiation exposure from the study may be compared to that from
natural background. In this case the mean marrow dose (32 mrad) is the
best comparison and that is the same as it receives in 4 months from
natural sources**. The radiation exposure may also be compared to that
in the alternative diagnostic X-ray test, the coronary arteriogram. The
entrance skin exposure and field size is quite similar to that from a
single cind run of 10 seconds duration (several such runs are usually

*Marvin Rosenstein, "Organ Doses in Diagnostic Radiology", BEW
Publication (FDA) 76-8030, May, 1976.

**This value, 4, should be used at pg 2, line 16 of the revised
consent form. ‘
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needed in the typical arteriograpm procedure). The absolute risk of
malignancy resulting from the organ dose estimates given above is a
chance of less than one in 30,000 subJects.

I believe that this information, along with the details of the
protocol and modified consent form, should be submitted to the Institu-
tional Review Committee for their evaluation and approval.

RAF/eh
cc: JMBrown/SM(M) Committee member to review X-ray Dose/Risk Estimate
WmHMarshall / ditto
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RENEWAL " ‘protocol #

REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT RISK
THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH

To: Kathy Callahan, 851 Welch Rd., #115 Date: November 20, 1985

Pl for Grant/Project: Robert Hofstadter, Ph.D. . MD/PhD Titleprofessor

Other Investigators: Edward Rubenstein, M.D. MD/PhD Professor (Clinical)
Donald C. Harrison, M.D. MD/PhD Professor

Title of Research Project: K~edge Angioqraphy with Synchrotron X-rays

(AND GRANT, IF DIFFERENT) K-edge Subtraction Angiography with Synchrotron X-ravys

1 ROl HL29024-01-Al NIH Grant 7/1/83-6/30/86
Contract/Grant # 1 HV-38039 Sponsor_NIH Contract Period_7/1/83-6/30/86
v DE-AT03-84ER60200 DOE Grant 2/1/84-1/31/87
Invest1gator s AddressRm TC-129 Dept.Medicine Ext.7-7188 AL
s onsored x Uns onsored vestigational Dru Investigational Device
Y p él,.cjﬁgtAJ b g _____ e
Department Chairman i o~ e
: . © SIGNATURE
REVIEW PROCESS - Check One: REGULAR REVIEW PLEASE SEND 4 COPIES (6b NOT STAPLE)
EXPEDITED REVIEW PLEASE SEND 2 COPIES (See regulat1ons
(VA Not Eligible) on reverse side of this form)

Paragraph number under which exped1ted

review is requested,

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE
RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST TUESDAY 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:

1. Protocols Involving Use of Radioactive Materials.
A separate form for projects involving radioactive materials should be obta1ned
from the Health Physics Department, Room 67, Encina Hall, X-3201

2. Number of Subjects Involved to Date.

3. Description of Results to Date.

4. Problems or Complications.

5. Description of Remainder of Project.

6. Describe Any Changes Since Original Approval.

7. Attach the Consent Form(s) You are Using for this Study.
(Even if it is the same as previously approved.)

OR: =

If this project is the same as a previously approved study under a different name, please
supply the title, investigator, date approved and consent form approved by Committee:

6/84 : Approval Date




RENEWAL

Request for Institutional Approval of the Protocol Entitled:
"K-Edge Subtraction Angiography with Synchrotron X-rays"

Additional Information:

1.

3.

6.

Protocols Involving Use of Radicactive Materials.

Radiocactive materials are not used in this project.

Number of Subjects Involved to Date.

Human subjects have not been studied to date. Experiments have been
conducted on anesthetized dogs. The first experiments on human sub-
jects are currently scheduled for April 1986.

Description of Results to Date.

The left anterior descending, the right coronary and the circumflex
arteries have been visualized following transvenous injections of
contrast agent in anesthetized dogs.

Problems or Camplications.

None

Description of Remainder of Project.

As previously described.

Describe Any Changes Since Original Approval.

Results of experiments on anesthetized dogs indicate that same in-
jections of contrast agent may be made into a central vein, such as
the superior or inferior vena cava, rather than into a vein in the
upper extremity. For the central venous injections, the injection
rate will vary fram 5-20 ml per second. For the higher injection
rates, a power injector will be employed.

Consent forms are attached.
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- REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT RISK
by

THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH SEP 25 1680

To: 851 Welch Road, Room 115 Date 21 September 1981

Principal Investigators: Edward Rubénstein, M.D., Professor of Clinical Medicine and
Associate Dean of Postoraduate Medical Education

Robert Hofstadter, Ph.D., Max H. Stein Professor of Physics

Title of Research Project: Synchrotron Radiation and Its Application to Digital Subtraction
Angiography

Source of Funds: Hearst Foundations and
Kaiser Family Foundations
NIH grant application to be submitted 1 November 1981

Interdepartmental Mail Address: TC-129 Department: Medicine Extension: 7-7188

Department Chairman: Kenneth L. Melmon, M.D.

Check all apnlicable:

XX New CRC Study XX Sponsored Unsponsored
Use REREWAL form for continuations and renewals.
APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TQ SUBMISSION OF THE

RESEARCH PROJECT TO DHEW/NIH. SUCH PROJECTS SHOULD BE SENT TO THE HUMAN SUBJECTS COHMMITTEE
AT LEAST 30 DAYS BEFORE THE DEADLINE DATE FOR SUBMISSION OF THE GRANT APPLICATION.

Lgpsoma 81
() T

Signature of Department Chairman
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REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT

1.

2.

4.

RISK

Septemer 22, 1981

PROTOCOL

Radioactive Materials: During this phase of the project radioactive

materials will not be used.

Patient-related Equipment: See 6a.

Renewal or Continuation: This is an initial application.

Purpose: The objective of this research is to develop a means of
imaging the coronary and cerebral arteries without the necessity of
performing invasive intra-arterial catheterizations and the direct

injection of contrast media into the orifices of arteries.

Background: Angiography, the radiological visualization of blood
vessels and the‘chambers of the heart containing contrast mecdia, has
become a powerful means of examining the cardiovascular system and of
dete;ting disorders involving the circulation of the heart, of the
brain, and of other vascﬂlar structures. ﬁowevcr, the techniques
currently in use involve invasive procedures that carry significant
risks of morbidity and mortality. Untoward events occur in from 1 in
100 to 1 in 200 procedures and fatal complications occur in from 1 in

500 to 1 in 1,000 such examinations. These risks, togcether with the
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6a.

2
hieh dollar cost (estimated to be between 2,000 and 3,000 per
procedure) linit the use of coromary and cerebral arteriography to
persons thought to be at a very high risk of having severe disease.
Therce is an urgent nced t&’reduce both the risks and costs of these
procedures. It is believed that the proposed method will: (a) allow
examination of patients who would otherwise be subjected to the
invasive diagnostic procedure; (b) allow arteriographic follow-up
studics of surgical patients in order to asscss postoperative status;

(c) allow prospective study of the natural history of coronary and

cerebral disease by means of serial angiographic examinations.

Study Methodology: The prospect of non-invasive angiography with
maximum iodine sensitivity is made possible by the development over
the last ten years of the electron storage ring. This device, in
reality, a variation on the particle accelerator concept, was
developed by the opportunity it creates to excnine the fundamental
structure of matter in a novel and penetrating way. From the very
first, Stanford scientists have been leaders in both the development
of electron storage rings and in their application. The discovery in
1974, at the Stanford Linear Accelerator Center {SLAC), of the psi
particles was totully unexpcected and created a direction in particle

physics that is still today being followed world-wide. The electron

storage ring at which this discovery, and later othe}s, was made is
still in operation at SLAC and its success has led to the construction
of an even larger and more powerful ring (PEP) that began operations

in 1Y20.

Fortunately for many other branches of science, the development of the

clectron storage ring also created an enormously powerful and new
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source of electromagnetic radiatiom, including hard x-rays, emitted
because charged particles of low mass, such as electrons, continuously
lose energy in the form bf?électromagnetic radiation when confined to

a circular orbit. This radiation is called synchrotron radiation and,
because of the relativistic speed of the electrons, is emitted almost
entirely in their orbit plane. To maintain the electrons in a circuiar
orbit with constant energy, this radiated energy 1§ss must be replaced
promptly by powerful radio-frequency oscillators. At equilibrium, the
rate of produétion of synchrotron radiation by the orbiting electrons
is equal to the amount of energy returned to them by the oscillator,
and this is large. In effect, the .electron storage ring is simply a
device for the coﬁvcrsion of radio-frequency electromagnetic power into
synchrotron radiation. This is perhaps an inconvenient but unavoidable
fact of life for investigators in high-energy particle physics, but it
creates a most unusual and novel source of ultra-violet radiation and
x-rays for those interested in many othér branches of science. This is
widely recognized today, and electron storage rings are now under
design and construction world-wide solely for the synchrotron

radiation they produce. Many of these facilities could be used for

clinical pursuits.

The method by which a high intensity and tuneable beam of  x~rays may

be produced at Stanford Synchrofron Radiation Laboratory (SSRL) for
these medical purposes is indicated in Figure 1. The radiation emitted
by the circulating electrons during a small angular fénction of their
orbit is selected by a horizontal aperture of angular width 6mR, and
conducted first through a vacuum and then a helium atmosphere to a
special double crystal silicon monochronator; The first crystal in

the monochromiator is oriented at the appropriate angle (7 degrees) to
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select, by Bragg diffraction, only a narrow band of of wavelengths.
The second crystal, which is in accurate alignment parallel with the
first, serves only to assure that the emergent beam exits from the
monochromator in a directibn parallel to that of the incident beam.
To change the selected wavelength, or energy, it is necessary only to
rotate simultancously both crystals in the monochromator by the sane
small angle. In particular, to change the x-ray energy by amount

(30eV) required to do iodine dichromography, the angle is only

2.4 X 10-3 degrees, which can be accomplished easily and rapidly.

At a convenient distance from the orbiting electrons, the
wiggler—illuminated beam outlined in Figure 1 has a horizontal

profile that approximates a line segment. 1If, for example, the angular
width selected by the horizontal collimator is 7.5 mr (well within

the 12 nmr angular width of the radiation emitted by an 8-pole 19 Kguass
SSRL wiggler) and the operating distance is 20 meters, the x-ray beam
is 15 en in width and, if uncollimated and unfocussed, only 0.3 cm
(FIM) in height. This beam may be collimated vertically to provide

the desired vertical spatial resolution or it may be focussed in the
vertical direction by reflection at grazing incidence from a curved
mirror. After the beam, essentially one-dimensional, passes through
the patient under examination, it is intercepted.by a matching
one-dimensional highly—efficient.detectdr. This detector is segmented
along its length and records a one-dimensional projected image of the
approxinately planar segment of the putient intercepted by the beam.

At cach of these planar segments the image is recorded first at an
¥x~ray encrgy just above the iodine K-edge and then, immediately
afterwards, at an cnergy just below the K-edge. A complete two-
dimensional image of the structure under exanination is made by

scanning the beam and the detector vertically in synchronism and



recording pairs of onc-dimensional images at cach adjacent vertical
position. Alternatively, the patient may be scanned vertically
‘relative to a stationary beam and detector. The image at each energy
and each vertical position is recorded in digital form in an on-line
data-acquisition computer and, after proper mathematical rcconstruc-
tion, is displayed immediately on a video screen. At the discretion of
the operator, the image can be manipulated on the screen or reprocessed

in the computer to enhance desired characteristics.

To visualize iodine within the coronary arteries it is necessary to
record ecach péir of one-dimensional images, i.e. above and below the
K-edge, in a time short compared to the periodic motion of these
structures. An appropriate time interval is approximately 25 msec
or less. (It is for this reason that coronary arteriography cannot
presently be aone using quasi-monocnergetic sources derived from
standard x-ray gencerators, which are insufficiently intense). The

- total time to scan the heart is longer than the cardiac cycle, but this
relatively long scanning time will not result in a blurred image.
Each line exposure, due to the high x-ray intensity, will occupy only
about 10 milliscconds. The x-ray encergy is then switched, within a
few (5) msec, and the second exposure is made. Fach pair of line
exposurcs occurs within 25 msec, a periqd within which the coronary
arterices are essentially stationary. Upon completiog of each exposure
pair, the beam (or the patient) is moved vertically by the.requircd
positional increment and the procedurce repeated. The-lack of blurring
is governed by the line-pair exposure time and not by the total frame
time. This iIs a direct analog of the focal plane shutters of photo-

graphic camceras which produce images free of blurring despite rela-
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tively long exposurc times of the scanning slit. The price paid for
this effect is that all portions of the image are not recorded in
precisely the same time interval. A subtle distortion is generated due
to motion, but this.does not represent blurring. For examﬁle, a
horizontally moving vessel, which would otherwi;e be blurred, is
reproduced in sharp detail at a slight inclination since the top and
bottom are scanned at different times. The rapid changes in x-ray
energy required by this method of image acquisition pose no fundamental
difficulty in synchrotron beams. This may be achieved by synchronously
rotating, or oscillating, the crystals in the monochromator at the
required frequency (40 liz) by the small angular amount necessary to

step the transmitted beam back-and-forth through the iodine K-edge.

The subject will be scanned in the sitting position on a motor-driven
chair that provides three orthogonal directions of motion at an

approximate rate of 3-5 cm/secc.

A major attribute of the synchrotron x-ray beam is that it is capable

of providing, after monochromatization, an x-ray intensity entirely

adequate to record precise projected images even after transmission

through thick sections. Under standard operating conditions of the

storage ring at SSRL (a circulating electron current of 100 mA at an

energy of 3 GeV) the x-ray bcam, without vertical focussing, has an

. . ) 8 2 .

intensity of 6.8 X 10 photons/second/mn” of aperture at 20 meters

from the storage ring. The band-width at energies close to 33 KeV

is 17 ¥eV, for the Si (220) plane. (For comparison, a powerful moders

X~ray generator of conventional design, dissipating 50 kilowatts power,
- 9 : 2 -

can provide 5.0 X 107x-ray photons/second/=n” at 1 nmeter distance,

but these photons are distributed over an energy range from 20,000 -
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100,000 eV. If this latter beam were to be monochromatized by the same
method used with the synchrotron beam, its intensity would be reduced

by a factor of approximately 2,000.)

Even after transmission tﬂfough a soft tissue thickness of 20 cm,
corresponding to that of the human thorax, the intensity of the SSRL
synchrotron beam is 7.9 X 105x—ray photons/second/mmz, or 7.9 X
103photons in the nominal time exposure of 10 msec required for
coronary arteriography. The statistical noise contributed by this
beam intensity to the x-ray image is only 1.1%, which, in principle,
permits iodine concentrations (X thickness) as small as 1.1 mg/cm-2 to
be detected. This is much smaller than the value typically used

in current practice and is, in essence, the reason why non-invasive

arteriography is possible with synchrotron x~ray beams.

For a dichromographic study in which two 10 msec digital images are
subtracted logarithmically, the iodine concentration-thickness needed
to generate a signal-to-noise ratio equal to 3.0 in a pixel of size

1 mm X 1 mm for a soft tissue thickness of 20 cm at the above x-ray
intensity is 1.6 mg cm-2. This concentration—thickness is achievable by
peripheral venous administration. For exaﬁple, 50 w1 of Renografin-76
(iodine concentration 360 mg cm-2) injected at a rate of SAml per
second into a patient ﬁith a cardiac output of- 90 ml per secoﬁd will
undergo dilution by about 20-timés and broduce an arterial concentra- _
tion-thickness of 18.5 mg cm-2. In a coronary vessel 2 mm in diameter,
about the smallest size subject to surgical by-pass, Fhe iodine
concentration—-thickness will therefore be 3.7 mg cm-2. The patient
exposure for this scan will be 308 mR. This low value is attributable

principally to the contrast enchancement made possible through the use

of monoenergetic x-ray beams. The total time occupied in the ac-
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quisition of the image in a line-by-line scan with 1 mm vertical

resolution over a 15 cm range will be 3.75 seconds. This is a pood

.match to the time required for the iodine bolus to tramsit the coronary

arteries.

In addition to the basic attributes of monochromaticity and high
intensity, which respectively make dichromography clinically feasible
and permit snapshots to be taken of structures in motion, the one-
dimensional character of the synchrotron x-ray beam is also well-suited
to high quality radiologic imaging. This latter property, in partic-
ular, totally eliminates the scatter problem encountered in conventional
radiology made with two-dimensional’, or area, x-ray beams. Another
benefit of monochromaticity is that bean hardening artifacts are also

eliminated.

In some regions of the body the projected image of a vessel may
conﬁain contrast due to other iodinated structures which will persist
even when the intervening soft tissue and bone have been eliminated
through dichromozraphy. This is a negligible problem, for example,
when viewing the femoral or carotid artefies. It i{s a much more
sipgnificant problem for the coronary arteries where the cardiac
chanbers, in particular the left ventricle, represent interfering
structures. This problem exists for all approaches to non-invasive
coronary arteriography. Cenerélly, the epicardial position of the
coronary arteries allows p;ojcction angles to be chosen so that
interference due to iodine in the left ventricle can'be nininized. 1In
addition, anatomical considerations reduce this problcmf The inage
nay be aquired primarily during-thc systolic phase, when the volune of

the ventricle is smallest. Image—-processing techniques are clearly



applicable since a fundamental technical requirement is met: namely
that the coronary artery imagc signal is considerably stronger than
that due to random quantum goise. In this case dynamic windowing
techniques can be used, Qh;rcby the background left ventricle image
is subtracted to provide an isolated coronary artery image. This
process can involve automatic edge detection of the vessel image to
determine the valuc of the local background at each position. This
signal is then stored and subtracted. A further possibility is the use
of digital filtering to reduce the contrast due to the low-spatial-

frequency chamber image relative to the high-spatial-frequency

arterial image. Stereo images are also possible.

The enormous intensity of x-rays produced by storage rings is such that
even after sclective energy filtering, the remaining iodine-specific
x-rays are intense enough to record highly selective images. This is
the basis for our proposal. We intend to use synchrotron radiation
from the storage ring at two energies; one that matches the specific
absorption of iodine and another with energy slightly below this
threshold. The difference between these two signals (obtained by
digital subtraction in a computer) suppresses virtually all the un-
wanted information related to absorption of soft tissuc and bone.

In other words, the image produced following the.simple intra?enous
injection of iodine in an aré‘vcih will‘produce a high fiﬂelity picturg
of the circulatory tree. The principle involved, which has been called
dichromography, has becn discussed in the medical litgrature, but its
realization is totally depen&ent upon the existence of synchrotron
x~ray beams with the remarkable qualities mentioned above. One source
of such x-ray beams is the storage ring presently in operation at

Stanford.
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The intravenous injection of contrast agent will be given in boluses

of 5 to 50 ml of iodinated contrast material (Renografin-76 is currently
the agent selected for use), at a rate of 5 to 15 ml/second into the
basilic or cephalic vein.} The total dose of contrast agent will not
exceed 3.5 ml/Kg. Depending upon the individual anatomy, and the

volume and duration of injection required, an 18-gauge needle, or a

long intravenous catheter (with side holes) will be employed for the
injection. A power injector will be used at higher injection rates.
Studies done by Brody et al have indicated that arterial scanning

should commence six seconds after the venous injection (timing can

also be individualized by determining the interval between the

venous injection of a small volume of contrast agent and its ap-

pearance in a central artery, such as on the opposite side of the neck).

Type and Number of Experimental Subjects: Prior to studies on human
subjects, angiograms will be carried out on other mammals to validate
the performance of the various components, especially the high-speed
switching monochromator. However, the results of such studies cannot
be extended to the human coronary and cerebral circulation because of
species—-specific anatomic and physiologic differences. Thefefore,
non—-invasive angiograms will be done on approximately 15 subjects who
will have been recommended to undergo coronary'o% cerebral arﬁerio—
graphy on the basis of theirfcliﬂical status by their cafdiologist or
cardiovascular surgeon or neurologist or neurosurgeon. Criteria
favoring the selection of subjects for this study will include the
following: prior arteriography within the past two years (to allowv

for comparison with standard arteriographic methods); prior coronary

artery bypass procedure or prior carotid endarterectony; prior

002195b:



11

complication of arteriography (other than anaphylactoid reaction or

renal impairment due to contrast agent); unwillingness on the part of

the patient to accept the risk of invasive arteriography despite strong

indications for the procedure. Criteria for excluding subjects are

listed under item f. ’ :

Studies to be made on candidates selected for non-invasive angiograms

will include the following (to be done within one week prior to

the procedure):

1.

2.

17.

13,

19.

Complete and recorded history and physical examination
CBC

Urinalysis

Erythrocyte scedimentation rate
Serunm creatinine

BUN

Serum uric acid

SGOT

1D

CPK

Serun alkaline phosphatase
Serum bilirubin

Serum calciun

Serum phosphiorus

Serun albumin

Serum globulin

Serum sodiun

Serum potassium

Serun chleoride

0021957
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21. Serum free thyroxine
22, Chest x-ray

23. EKG

Patients will be given containers to neasure 24-hour urine volumes for
the two days prior to the procedure, for the day of the procedure, and
for the two days following the procedure. To reduce the risk of renal
function impairment, patients will be advised to increase fluid intake
to 3 iiters per day on the day of the procedure and on the following
day (unless their health status precludes such intake). If there is
evidencé of oliguria, appropriate measures will be instituted, in-
cluding follow-up measurements of seruva creatinine, BUN and élec—

trolytes.

A physician member of the research tean will be present throughout the
procedure and will administer the i.v. contrast agent. He, and at least
one other person in attendance, will be qualified in the technique of
C.P.R. A third person will serve as aid and be available to contact

emergency services if needed.

The examination facility will include a defibrillator, crash cart, and

oXygen.

Radiation safety: All persoanél'will carry radiation badges at all

times. -

The examination area will be enclosed in a shielded unit (hutch),
with thickness added to protect against the unlikely worst-case cvent

(the SPRAR injected beam targeting in the vacuum chamber that is viewed
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by the SSRL beam line). The shielding design and installation and
interlock systems for synchrotron radiation experiments will be
reviewed by the SLAC health physics group prior to delivery of the

x-ray beam.

SSRL uses a hutch system with a key interlock system to allow ex-
perimenters to control entry into their hutch. Each hutch also has
an ON/OFF line key which is used to inhibit stoppers for experimental
énclosure nodification. If a hutch stopper is removed while the
hutch is in the OFF LiNE mode, the SPEAR injcction line stoppers and
ring stoppers will be inserted. The ON LINE mode allows the stoppers

to be withdrawn from the beam line when the hutch is closed.

Iﬁ the ON LINE mode, an experimenter can open his hutch by

inserting his stoppers and pressing the Solenoid Release Unit (SRU)
button and removing the key. The hutch can be opened with this key.
Thé key is captured in the lock as loné as the hutch is open. Upon
completing his worl inside the hutch, he closes the hutch, locks it
closed, and returns the key to the SRU. He turns the key to complete
the interlock and may now withdraw the stoppers to allow eﬁtry of

the bcam.

All heavy objects will be provided with -locking castors and provisions
will be made for chaining them to a solid building structural unit

to prevent impact accidents during an carthquake.

c¢. Compensation: Financial compensation will not be paid to the partic-

ipants.
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d. Location of Study: Stanford University Hospital and Stanford Synchro-

tron Radiation Laboratory..

e. Duration: The present study will continue for approximately two years.

Each subject will be involved in no more than three angiographic

procedures.
f. Special Precautions:

Criteria for excluding subjects: (1) age less than 21 years or
greaterAthan 70 years (2) mental incompetence or inability to
cooperate (remain motionless for 5;10 seconds while scated or recum-—
bent) (3) prior anaphylactoid or other untoward reaction to radio-
contrast agent or history of iodine sensitivity {4) multiple myeloma
(5) diabetes mellitus (6) prior renal insufficiency (7) proteinuria
(8) moderate or scvere hypertension (systolic greater than 165,
diastolic greater than 100mm Hg (9) single-functioning kidney

(10) hepatic cirrhosis (11) impaired renal perfusion (dehydration,
heart failure) (12) renal vascular discase (13) serum creatinine
greater than 1.5 mg% (14) BUN greater than 29 mg% (15) serum uric acid
greater than 9 mg?% (16) serum calciwa less than 8.5 or greater than
11.5 mg% (17) serunm potassium less than 3.5 or greater than 5.5 mEq/1
(18) serum sodium less than 135 gr greater than 145.mEq/i (19) serum
albumin less than 2.5 g% (20) prégnancy (21) patients thought to be at
high-risk of sudden death, that is severe ventricular irritability with
low cardiac output. ({(Note: all laboratory and blood pressure values

should be recorded within one week of procedure)
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If the present studies confirm the expectation that cerebral, coronary,
and other angiographic images of satisfactory clinical quality can be
acquired by means of vénohé ipjcction of contrast agent, a facility will
be established to allow the application of this technique in research

protocols, and eventually in routine clinical examinations.

The study will be terminated if the method proves incapable.of pro-
ducing high-quality angiographic images following venous 1njectioh of

contrast agent.

Risks versus Benefit Ratio: The potential benefit to the participants
in this study is the acquisition of important clinical information
regarding the coronary and/or the cerebral circulation in individuals
whose status requires angiography. This information will be obtained
with a markedly reduced risk to the subject since invasive procedures
and direct injection of high concentrations of contrast agents into

arteries will not be required.

The potential risks relate to the adverse effects of the intravenous
administration of Renografin-76 in total doses of 50 to 150 ml, given
in bolus amounts of 5 to 50 ml. The actual incidence of acute renal
failure after the administration of radiocontrast agents for infusion
pyclography or for angiography is not known. Recent prospective
studies found no cascs of acuterrcnal failure in a grcnp of 100
patients (Eisenberg:aM J MED 68:43, 1980), and one instance of

acute renal failure in 100 persons {Kumar: ARCHIVES IﬁTERN MED
141:1268, 1981). It is believed that the exclusion of subjects as
listed in item G6Ff above markcdly reduces the risk of acute renal

failure.
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In this.proposal, the radiocontrast agent will be administered
intravenously rather than jntfa—artcrially and therefore there
could be differences in r;sks related to the site of injections.
However, renal functional impairment induced by contrast agent
infusion in this study should be similiar to that caused by intra-

venous urography (Teuruel: ARCH INTERN MED l4l: 1271, 1981),

although different infusion rates could lead to unique side effects.

Hypersensitivity reactions occur in approximately 1.7% of all
individuals undergoing intravascular radiographic contrast agent
studies (Wittin: AM J ROENTGENOL RADIUM THER NUCL MED 119: 832, 1973).
Severe anaphylactoid reactions are immediate and are characterized by
urticaria or angioedema; airway obstruction owing to laryngeal edema or
bronchial spasm; hypotension and shock. Because persons with a history
of such reaction will be excluded from this study, and because
preference will be given to subjects who have had prior angiographic
procedures, the incidence of this complication is expected to be held
to a minimum. The risk cannot, however, be eliminated. In addition,

there is risk of local extravasation.

Confidentiality: Results of the angiographic'procedures will become
part of the patient’s medical chart, and will be available to the
subject’s personal physician. vThc results of the study, but not the
specific findings on identified individuals, will be made available to

granting agencies and in publications.
Questionnaires, Record Surveys, etc.: N.A.

Othcr Relevant Information: Sce Figs. 2, 3, and 4.
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OFFICE MEMORANDUM STANFORD UNIVERSITY OFFICE MEMORANDUM STANFORD UNIVERSITY )
RECEIVED | QLL%%-WTQ
MAY 131986 s o
SSRL

DATE: April 1, 1986

TJ0: R. Hofstadter, M.D.,
E. Rubenstein, M.D., D.C. Harrison, v///
J. Giacomini, M.D. & H. Gordon, M.D.,
Department of Medicine

FROM: Chairman, Medical Committee for the
Protection of Human Subjects in Research

"PROTOCOL ENTITLED:
Revision of: K-edge Anglography with Synchrotron X-rays.
Grant title: K-edge Subtraction Angiography with Synchrotron X-rays.

The Committee approved human subject involvement in your research
project on April 1, 1986.

The expiration date of this approval is January 8, 1987. If this
project is to continue beyond that date, please submit an updated proposal
in advance for the Committee’'s re-appraval. If this proposal is used in
conjunction with any other human experimentation or if it is modified in
any way, it must be re-approved for these special circumstances. In
addition, the Committee requests prompt notification of any complications
which may occur during any experimental procedure. o -

All continuing projects and activities must be reviewed and re-
approved at least annually by the Committee. Committee approval of any
project is for a maximum period of one years It is the responsibility
of the investigator to resubmit the project to the committee for annual

revieuw.
jﬁz— Don R.j Goffinet, M.D., Chairman

cc: Sponsored Projects
Marshall 0'Neill

Funding Agency: (NIH HLZ29@Z4; NIH HV38039; DOE DE-ATO3-84ERBOZ00)
Period of Time: 04/01/86-01/06/87

Investigational New Drugs: N, N/A

Investigational New Device: Y,

Cooperating Institution: N
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MEDICAL COMMITTEE FOP THE PROTECTION OF HUMAN SUBJECTC IN RESEARCH

1985-1986

Name

Carlos A. Camargo, M.D.
Associate Professor
(Clinical)

William T. Clusin, M.D.
Assistant Professor

John Dodson
Reverend

Don R. Goffinet, M.D.,Chairman
Associate Professor

Kathy Hoare, DNS

Sharon Kotabe, Pharm.D.
Supervisor

Jean Kutner

Kathy McClelland

David Oakes, M.D.
Associate Professor
(Clinical)

Elwood C. Pierce
Director of Operations

Carole Runyan Price
Associate Director
Stanford University Hospital

Peter Rosenbaum, M.D.
Professor

Hans Steiner, M.D.
Physician Specialist
Clinical Asst. Professor

" David Stevenson, M.D.
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Associate Professor

George Tidmarsh

Department and
Area of Expertise

Medicine
Endocrinology

Medicine
Cardiology

Public Member
Radiology
Radiation Therapy

and Cancer Research

Nursing Administration

~ Stanford Pharmacy

Student
Human Biology

Staff Coordinator

Surgery
General Surgery

Administration

Staff
Legal Representative

Psychiatry
Schizophrenia &
Psychotherapy

Psychiatry

Child Psychiatry
Adolescent Psychiatry &
Eating Disorders

Pediatrics
Neonatology

Student
M.D. Program



<is- ~» STANFORD UNIVERSITY OFFICE MEMORANDUM STANFORD UNIVERSITY OFFICE MEMORANDUM

DATE: April 16, 1986

T0: Edward Rubenstein, M.D.
Department of Medicine

VL
FROM: Kathy McClelland A\
Human Subjects Committee

SUBJECT: Assurance approval

P

Stanford University has an approved assurance with the
Department of Health and Human Services for a period of
five years. The assurance identification number is M 1272,
and our institutional review board's identification numbers
are Q1XB and @2XM. OQur assurance will expire December 31,
1988 and a new assurance will be negotiated prior to this
date.

. Please let me know if I can furnish any more information
that you may need.

.
cc:\fgill Wilken
SLAC
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STANFORD SYNCHROTRON RADIATION LABORATORY

March 31, 1986

T0: WILLIAM C. GOUGH, Director Stanford Site Office
(SLAC/SSRL) ER Division, SAN

FROM: ARTHUR BIENENSTOCK, Director SSRL

SUBJECT: SSRL PROP #456 "IODINE DICHROMOGRAPHY WITH

MONOCHROMATIC X-RAY BEAMS FOR ANGIOGRAPHY"

Dear Bill,

This letter is to present, for your review, the background
material and safety evaluations relating to the proposed
angiography experiment on human subjects at SSRL. The first
human exposure is scheduled to take place in early May, 1986.
The human subjects portion of the experiment is the culmination
of more than three years of tests using phantoms, excised pig
hearts and anesthetized dogs.

The medical protocols and informed consent material have
been reviewed and approved by the Stanford University Medical
Committee for the Protection of Human Subjects in Research. The
approval memorandum is enclosed.

The experimental procedure and safety plan "FRAMEWORK of
ANGIOGRAPHY SAFETY PLAN" by John Otis and Albert Thompson have
been reviewed and approved by the SLAC Radiation Safety Com-
mittee. The approval memo and the referenced plan are attached.
At SSRL invitation, health physicists from Stanford University
and from UC/LBL attended the review. They advanced no adverse
comments on the planned procedure or safety plan.

Prior to performance of the experiment, the following
steps will be taken by SSRL:

1. The interlock system will be designed and installed to
SLAC standards by SSRL. An independant circuit analysis will
be performed. The circuit review is scheduled to take place
during the first week of April 1986.

2. A ray trace of the beam transport system will be
produced and analyzed to assure that only monochromatic x-rays
can reach the subject. This is presently scheduled to be
completed during the second week of April 1986.

3. A system safety analysis will be performed. This
review is planned for mid-April 1986.

The reports of these reviews and analyses will be for-
warded to the SSO upon completion and internal approval. It is
our belief that the actions described .constitute sufficient
assurance of safe practices. We are, however, very anxious to

0021095



assure the safety of all participants in this experiment and,
therefore, solicit your comments. '

Sincerely,

A. Bienenstock
cc: J. Cerino
Encls: Human Subjects Committee approval memo 1/7/86

SLAC Radiation Committee approval memo 2/25/86
Framework of Angiography Safety Plan 2/7/86
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March 19, 1986

TO: J. Cerino
FROM: A. Bienenstock
SUBJECT: Angiography Experiment - Human Subject Regulations

John, please go through the enclosed DOE rules and come back to
me to discuss our compliance with them.

Enclosure

RECEIVED
MAR 19 1985
S SR

0021968

1



CE 7 Cerew o

U.S. DEPARTMENT OF ENERGY
Stanford Site Office (SLAC/SSRL)
Energy Research Division/SAN

Stanford University COMM: (415) 854-3300
P.O. Box 4349 - BIN 8A X2261
Stanford, California 94305 FTS: (8) 415-470-9040

~March 12, 1986

Dr. Arthur Bienenstock, Director
Stanford Synchrotron Radiation Lab.
2575 Sand Hill Road

Menlo Park, CA 94025

Dear Artie}

Per our previous discussions, 'I would appreciate receiving the
safety analysis reports and background material for the planned
coronary angiography experiment on humans now scheduled at SSRL.
I plan to " have the safety analysis report reviewed by SAN's
Environmental, Safety and Quality Assurance Division to assure
complience to all DOE regulations.

Sincerly,
William C. Gough, Director

Stanford Site Office (SLAC/SSRL)
ER Division, SAN

cc: Jim Davis, ESQA/SAN
Dick Nolan, ER/SAN
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REVISION . protocol ¥

REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT RISK
* THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH

To: Kathy McClelland, 851 Welch Rd., #115 (X5244) ) Date: March 6, 1986

PI for Grant/Project: Robert Hofstadter MD/PhD Title: Professor .

Other Investigators: Edward Rubenstein, M.D. MD/PhD Professor (Clinica
Donald €. Harrison, M.D. MD/PhD “Protessor

Title of Research Project: ¥K-edge Angiography with Synchrotron X-rays

(AND GRANT, IF DIFFERENT)

K—edge Subtraction Angiography with Synchrotron X-rays

1 RO1 HI29024-01-Al NIH Grant ] 7/1/83-6/30/86
Contract/Grant #1 Hv-38039 Sponsor NIH Contract Period 7/1/83-6/30/86
DE-AT03-84ER60200 DOE Grant - T271784=1/31/87
Investigator's AddressRm. TC-129 Dept.Medicine  Ext.7-7188 S
Sponsored X Unsponsored Investigational Drug Investigétiona] Device
- — IND # . IDE #
. X ¢ ) .
Department Chairman Signature: o ssa ok
REVIEW PROCESS - Check One: REGULAR REVIEW PLEASE SEND 4 COPIES TOTAL (DO NOT STAPLE
EXPEDITED REVIEW PLEASE SEND 2 COPIES (See regulations
(VA Not Eligible) on reverse side of this form)

Paragraph number under which expedited
review is requested.

——

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE
RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST TUESDAY OF EVERY MONTH AND
REVISION APPLICATIONS SHOULD REACH THE COMMITTEE 15 DAYS PRIOR TO THE MEETING DATE.

PLEASE PROVIDE INFORMATION IN THE FOLLOWING AREAS AND ATTACH T0O THIS FORM:

1.

Describe Any Changes Since Original Approval.

2. Attach the Consent Form{(s) You are Using for this Study.

(Even if 1t is the same as previously approved.)

2/86
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REVISION

o Reéuest for Institutional Approval of the Protocol Entitled:
' "K-Edge Subtraction Angiography with Synchrotron X-rays"

Additional Infbrmation:'

- 1. Describe Any Changes Since Original Approval.

The consent form-has been modified to provide more detailed
information about risks related to the venous catheteriza-~
tion procedure and to the radiation exposure. Corrected

.parameters for contrast agent administration have been pro-
" vided.

... __". A report from Roland Finston is appended in which he pro-
vides additional information regarding radiation exposure.

2. Conéent forms are attached.
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Date: February 24, 1986

Professors Edward Rubenstein, Donald Harrison, and Robert Hofstadter
. Roland Finston | éﬁ&##&i:
From Health Physics CERCX‘

SusecT: Research subject radiation exposure from K-edge Angiography with
Synchrotron X rays.

. Thank you for your letter of February 11 and the revised consent
" form (draft of Feb. 12). Now that the specifics of the patient imaging
© . protocol have been defined, an estimate of the radiation exposure can be
made. I use the following assumptions to describe the typical study:

Entrance field size =~ 12 ¢m wide x 12 cm high A

Projections, # frames -~ lateral, 7 frames L
LAO, 2 ) e
RAO, 2 '

Entrance skin exposure — 391 mR/frame (8.3 msec/line)

The skin exposure per frame, as you note in the consent form, is similar
to that from a standard radiograph of the heart. The assessment of risk
is properly directed to the most radiosensitive organs: bove marrow,
' thyroid, breast (female), and lung. The data of Rosenstein* are avail-
-able for calculating the dose to bone marrow and thyroid. In consultation °
with Dr. Giacomini the location of the beam on the skin for each projection
has been defined. The resulting calculations show a mean bone marrow dose
of 32 mrad, and a thyroid dose of less than 2 mrad. As for the lung dose,
G Ll ~ there is only a small fraction of this organ in the field of view. The
e ' mean lung dose is believed to be about 100 mrad. For female subjects,
provided that the breast tissue is either on the exit side of the body"
S (e.g. the beam inters from the posterior side) or entirely outside the
e field of view (for lateral project.), the mean breast dose is estimated
to be less than 100 mrad as well. .

The radiation exposure from the study may be compared to that from
natural background. In this case the mean marrow dose (32 mrad) is the
best comparison and that is the same as it receives in 4 months from
natural sources**, The radiation exposure may also be compared to that
in the alternative diagnostic X-ray test, the coronary arteriogram. The
entrance skin exposure and field size is quite similar to that from a
single ciné run of 10 seconds duration (several such runs are usually

*Marvin Rosenstein, "Organ Doses in Diagnostic Radiology", BEW
Publication (FDA) 76-8030, May, 1976.

**This value, 4, should be used at pg 2, line 16 of the revised
consent form. '
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needed in the typical arteriograpm procedure). The absclute risk of
malignancy resulting from the organ dose estimates given above is a
chance of less than one in 30,000 subJects.

I believe that this information, along with the details of the
protocol and modified consent form, should be submitted to the Institu-
tional Review Committee for their evaluation and approval.

RAF/eh R

cc: JMBrown/SM(M) Committee member to review X-ray Dose/Risk Estimate
WmHMarshall / ditto

Toe
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OFICE MEMORANDUM o STANFORD UNIVERSITY o OFFICE MEMORANDUM o SYANFORD UNIVERSITY o OFFICE MEMORANDU¢

To

From

SusJecT:

( ¢

Date: Februéry 11, 1986

Professors Robert Hofstadter, Edward Rubenstein, and Donald Harrison

*{E;g;igi\fEZCD
Roland Finston, Direct _
Health Phgzic: . AL??S‘{?EQ:;,\;Q% - rEe 1l 1960
‘ SSRL

Research Project: K-edge Angiography with Synchrotron X-rays.

Thank you for inviting me to participate in the review of radiation
safety of research subjects., At the outset, I wish to clarify the role
of the University Health Physics and the University's Panel on Radiolo-
gical Hazards in the matter of medical exposure to radiation generated
by machinery. The safety ocfamachine is the responsibility of the owner
which in this case is, I presume, SLAC and SSRL. Health Physics on the
campus has no authority nor responsibility for machine safety at SLAC;
we understand that to be a DOE facility. As regards research subject
safety, the Stanford Medical Committee for the Use of Human Subjects in
Research has agreed to seek the advice of the School of Medicine Radia-
tion-Producing Machines Safety Committee for risk evaluation. As a mem-
ber of that committee it is toward that aspect of the protocol which I°
address the following observations:

1) The two protocol documents I have read which have been submitted
to the Human Subjects Committee (original application of Sept. 21,

1981, renewal application of Nov. 20, 1985) appear to lack sufficient.

specific information on patient exposure to X-radiation. The origi-
nal application states the patient exposure per image to be 308 mR.

A recent technical report (Framework of Angiography Safety Plan, John
Otis and Albert Thompson, Feb. 7, 1986) statesthe patient exposure to
range from 0.4 to 0.8 R/frame. In order to assess the risk to the
subject, I believe it would De desirable to know the following: °

a) What are the dimensions of the scanned region, at the entrance
skin of the subject? What are the anatomical landmarks of the

region? What is the projec&oof the patient?
n

b) How many frames of each patient are to be taken (typical, maxi-
mum) at each examination? How many examinations (typical maxi-
mum) will be made of each patient (the original application
stated no more than three; does this still hold true)?

c) What are clinical factors used to select the scan speed (and
thus the radiation exposure to the subject)? Will it be known
before the exposure that the image is likely -to be of the proper
information density, so as to avoid re-takes?

With answers to the above question, I believe that a radiation dose/risk
assessment can be quickly completed. I believe it should be done and
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«~ RHofstadter/2--11--86
Page 2.

submitted to the Human Subjects Committee as an addendum to the
renewal application.

2) The patient consent form . (renewal application) mentions as a
risk '"the radiation exposure inherent in an X-ray examination'.
It is typical of consent forms in research protocols to compare
the research-directed radiation exposure to that associated with
specific common medical ¥~ray examination and/or to that from
natural background. A specific risk of delayed cancer and herit-
able genetic mutation may also be given, with a comparison to- the
spontaneous incidences. May I suggest that consideration be given
to comparing the research angiographic exposure to that associgted
with the conventional arterial angilographic study? and ‘that the
risk of such exposure be quantified in the consent form?

3) As a matter of good practice, it would be desirable to provide
the same standards of patient and employee radiation safety as
is required at the Stanford Medical Center. Specifically, the
physician who operates the X-ray exposure control should be a
State of California "X-ray Supervisor and Operator' permittee.
Of course it goes without saying that no employee should be imaged
as a demonstration or for training purposes. (A phantom should be
so-used). The X-ray beam width should be collimated to the area
clinical interest, and no larger in any case than the image recep-
tor. The expected exposure to the patient at the entrance skin
should be measured with a suitable dosimeter, while using the
various technical settings which are contemplated.

I offer the above suggestions with the motive of improving upon a very
excellent effort already made to assure subject safety and to document same.
In the interests of the subjects, the investigators, and the institutions,
it would be desirable to consider formulating the addendum to the protocol
and modifying the patient consent form. I.and the other Machine Committee
members (Prof. J. Martin Brown, Prof. William H. Marshall) are prepared to
respond with a technical evaluation in time to present the information to
the Human Subjects Committee at its March 4th meeting.

RAF/eh

0021981



RECEIVED

FEB 111985
SSRL

STANFORD UNIVERSITY, STANFORD, CALIFORNIA 94305-2184

ROBERT HOFSTADTER
Max H. STEIN PROFESSOR
oF Paysics, EMERITUS

{415) 497-0281 February 10, 1986

Dr. Arthur Bienenstock

Director -- SSRL

Stanford L.inear Accelerator Center
P.O. Box 4349

Stanford, CA 94305

Dear Artie:

As you know, our angiography project* has had a goal of
applying synchrotron radiation x-rays to a study of
coronary arteries in human subjects. This project has
developed in the last 5 years at SSRL at SLAC through a
series of steps involving phantoms, excised pig hearts,
and in-vivo dog studies. Our recent dog studies have
been successful and we now are at the stage when, for the
first time, we feel we are ready to examine human sub-
jects. This is the unanimous conclusion of the four
physicians who are members of our group:

Dr. Edward Rubenstein

Dr. Donald Harrison

Dr. John Giacomini

Dr. Helen Gordon
The latter three are cardiologists and Dr. Harrison is
head of cardiology at the Stanford Medical School.

Accordingly we are planning a set of tests beginning in
late April when we expect to have a small number of
patients undergo tests at SSRL under the close super-
vision of physician members of our team. The physicians
will take responsibility for the medical aspects of the
tests and for the care of the patients.

There are other aspects of the studies connected with
physical safety of the patients with regard to the
radiation in the x-ray beam itself. We have studied this
problem carefully and have given Dr. A. Thompson, of our
group, the responsibility for assuring such safety.

A critical examination of the safety conditions will take
place on February 13 at 1:30 in the Yellow Conference
Room at SLAC when the SILAC Radiation Safety Committee
convenes for this purpose. Members of the Stanford
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Dr. Bienenstock page 2

University Radiation Safety group will also be present.
We invite you to attend this meeting.

The Human Subject Committee of the Medical School has
already approved the medical protocol for our studies.

If you cannot attend this meeting would you kindly
appoint a representative who could be present?

Best regards.

Sincerely,
/%fﬂ/
Robert Hofstadter

RH/gp

* Supported by grants or contracts from:

The Hearst Foundation

The Kaiser Family Foundation

The National Institute of Health
The U.S. Department of Energy

6021983



February 7, 1986
JOHN OTIS :
ALBERT THOMPSON

FRAMEWORK OF ANGIOGRAPHY SAFETY PLAN

Introduction

The use of beamline IV-2 at SSRL for diagnostic medical imaging
of coronary arteries is being planned. An initial run is scheduled
for April/May of this year. The radiation safety and monitoring of
these human patient studies is an important part of our planning.
Since this program is quite different from the normal procedures
followed at SLAC and SSRL for radiation protection, a detailed safety
plan has been prepared.

At the SLAC radiation committee meeting on Feb 13 we will present
our safety plan for your study. A general outline of our experiment
and the results from previous dog runs will be presented first, then
the specific instrumentation relevant to radiation safety will be
described, and finally the safety interlock 1logic and imaging
protocol will be covered.

General Plan

The general principle for using a synchrotron radiation beamline
for medical imaging is to use a fan beam of monochromatic x-rays. To
take a picture the patient will sit in a chair which will be moved
vertically through the beam to acquire two digital x-ray images. One
image is taken at an x-ray energy just below the iodine absorption
edge at 33 keV and the other is taken with the energy Jjust above this
edge. The logarithmic difference of the two images is then taken to
produce a difference image. Since the iodine absorption jumps by a
factor of 7 at the edge while the absorption of tissue and bone
changes only slightly this difference image 1is very sensitive to
iodine. To image coronary arteries a venous injection of an iodine
contalining contrast agent will be given and after about 10 seconds
the iodine bolus will have passed through the heart and lungs and
will begin to fill the coronary arteries. Just before this time we
will have begun to scan the patient to acquire images of the arterial
systenm.

Safety Plan Outline

The overall scanning procedure will be controlled as in any
radiological laboratory by a responsible physician who will determine
the total x-ray exposure permissible. The exposure will be within
the limits approved for this study by the Human Subjects Ethics
" Committee at the Stanford University Hospital.
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A series of radiation shutters are installed on the beamline
which are controlled by a safety protection system. The detailed
logic of the system will be presented at the meeting but the general
features will be described here. During a scan the radiation is
turned on and off during the acquiring of different images frames by
a computer controlled imaging shutter. In case of a unsafe condition
the radiation is rapidly turned off by a pair of fast closing
shutters. These shutters close if any unsafe condition 1Is sensed by
the protection systenm. Some of the unsafe conditions are:

a) X-ray beam on with the patient chair not in motion.
b) Scanning procedure going on too long.
c) Physician releasing the deadman switch.

As well as controlling the radiation safety, a calibrated
radiation monitoring system will be implemented to record the total
radiation dose received by the patient.

The radiation safety interlock system will be installed by SSRL
under the direction of Bob Hettel and the radiation safety will be
verified by Gary Warren of SLAC.

SAFETY SYSTEM HARDWARE AND PROTOCOL

The X-ray images will be acquired in line-scan fashion, with the
patient moving vertically at constant speed and the X-ray beam
sweeping over the field of interest. The experimental protocol, as
presently envisaged, calls for the acquisition of several images in
rapid time sequence (a "scan sequence") by repeating the scan motion
alternately in opposite directions. To prevent X-ray exposure to the
patient during the periods of deceleration and acceleration between
the constant-velocity scans (as well as before and after the imaging
sequence) the X-ray beam will be blocked by a fast-acting imaging
shutter (IS).

The monochromator provides two monochromatized X-ray beams,
initially separated by approximately 1 mm vertically but converging
toward the patient position. The two beams are produced by single
Bragg diffraction from separate Si(111) crystals, each of which
intercepts half the vertical profile of the incident beam. The upper
beam has an energy within 100 eV above the iodine K-edge (33.17 keV),
and the lower beam has an energy within 100 eV below this edge. The
monochromatized X-~ray beams exit from the monochromator at a rising
angle of 6.84 degrees to the primary beam, and pass above a beam stop
located within the monochromator enclosure. The beam stop protects
the patient from any penetrating gamma radiation coming from SPEAR
along the primary beam direction. The rotating drum mechanism,
located immediately downstream of the monochromator, transmits only
one of the monochromatic beams at any instant, switching between them
in synchronization with the scan data acquisition.
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The monochromator is set to provide the correct beam energies
during the initial setup and alignment of the imaging apparatus.
Thereafter, inadvertent change in the angle of the monochromator
crystals cannot admit to the patient area a beam differing from the
intended energy by more than a few keV, since the resulting change in
the beam angle will cause it to miss the apertures provided for its
passage. That the energy setting is correct for the imaging
procedure will be verified by beam tests immediately prior to a
patient scan.

To allow thermal equilibration, the monochromator must be
illuminated continuously by the primary X-ray beam. The SSRL hutceh
stoppers (HS1 and HS2) controlling the primary beam cannot be opened
unless both safety shutters (8SS1 and SS2) are closed, preventing the
monochromatized beam from entering the patient examination area.
Subsequently, the angiography PPS interlock (see Appendix) prevents
the safety shutters from being opened unless the radiation screen is
closed and the deadman switch is actuated. Each safety shutter
consists of a rotating blade held open against spring tension by two
rotary solenoids. When the solenoids are deenergized, the blade
rotates rapidly (within 20 ms) by 45 degrees to the closed position.
The safety shutters will close if external power 1is lost. To achieve
the desired response time (10-20 ms) during normal scan operation,
the 1imaging shutter is driven by a servo-controlled dc motor;
therefore, external power is required for its operation.

Both the imaging shutter and the safety shutters are located
downstream of the monochromator enclosure, and are incorporated into
the housing of the energy-switching (rotating drum) mechanism
associated with the monochromator. In the closed position, the
imaging shutter has a thickness of approximately 5/8 inch steel (72
absorption lengths for 33 keV photons), and each safety shutter has a
thickness of 0.176 inch steel (21 absorption lengths).

During the scan sequence, the patient will be alone in the
shielded examination room that confines direct and scattered
radiation. The attending physician will have the responsibility for
seeing that the patient 1is properly positioned and that the
examination room is clear of other personnel. However, the attending
personnel must be able to enter this room immediately in response to
a possible medical emergency, even if a scan is in progress.
Therefore, the door on the examination room nearest to the patient
must be left open. In its place will be erected an easily opened
radiation screen, with a large leaded acrylic transparent window so
that the physician and patient will be able to maintain eye contact
throughout the procedure. The safety shutters are triggered by the
angiography PPS interlock if the screen is opened while a scan is in
progress, extinguishing the X-ray beam before personnel can reach the
radiation area.

The physician will determine the projection and image field by
initial positioning of the patient and scanning chair, and by
providing the upper and lower scan limits to the scan control
program. Once this setup is complete and all personnel have left the
examination room, the radiation screens are closed and the physician
stands outside, visible to the patient.
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By c¢losing and holding the deadman switch, the physician
initiates the programmed scan sequence and allows it to proceed. The
safety shutters can then be opened while the imaging shutter is
closed. The imaging shutter remains closed until it is opened under
computeéer control as part of the scan sequence. If the patient
requires medical attention during a scan, or 'if the physician
observes some malfunction in the scan operation, release of the
deadman switch will extinguish the beam and abort the scan.

To prevent unauthorized operation of the system, the deadman
switch is inoperative unless it is first enabled by the operation of
a momentary-contact key-lock switch located next to it, the key being
kept by the physician. Operation of the key-lock switch starts a
timed interval of about 20 s during which the deadman switch must be
closed. If the deadman switch is not closed within this timed
interval, it must again be enabled by use of the key-lock switch.

Release of the deadman switch or opening of the radiation screen
while either of the safety shutters is not closed will generate a
fault condition (ANGI FAULT) in the angiography PPS interlock, which
forces closure of the two safety shutters, the imaging shutter, and
the SSRL hutech stoppers. ANGI FAULT is latched, and can be reset
only by use of a key carried by the SSRL operator.

The rate of X-ray exposure from the monochromatized 33 keV beam
collimated to a height of 0.5 mm is approximately 47 R/s. This
assumes SPEAR operating conditions of 3 Gev, 100 mA and an 18 kG
wiggler field. Thus, the safety of the patient requires that the
imaging shutter be closed unless the scanning chair is in motion at
the correct speed. Two independent chair-motion detectors are
incorporated into the angiography PPS interlock. The motion detectors
will be driven by the chair motion, independent of the motor-drive
coupling. If either motion detector fails to give an indication of
correct scanning speed when the imaging shutter is not closed, ANGI
FAULT will be generated unless both safety shutters are closed. Thus
the beam will be extinguished if control malfunction or power failure
either cause the scanning chair to stop in the middle of a scan or
cause the imaging shutter to remain open while the chair is
decellerating at the end of a scan.

Since an upper 1limit to beam intensity 1is known, given SPEAR
operating conditions, total exposure to the patient can be kept
within safe limits by imposing a time limit on the total length of a
scan sequence., For each scan sequence, the timed interval begins
when the imaging shutter is first opened. If either safety shutter
is not closed when the time 1limit is reached, ANGI FAULT is
generated.

Interlocks prevent opening of any beam shutters if that action
would create an immediate ANGI FAULT. With two exceptions, ANGI
FAULT cannot occur if HS1 and HS2 are both closed, or if SS1 and SS2
are both closed. The exceptions are actuation of the emergency stop
switch and withdrawal of the computer OK. The computer OK will be
provided by a watchdog timer that verifies the correct operation of
the scan-system's control computer,
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Table I summarizes the possible range of potential patient
exposures as a function of the selectable scanning speed of the
patient chair or, equivalently, the acquisition time for each
horizontal line element in the image (summed over both X-ray
energies). The actual exposures allowed for a particular patient
study will depend on the patient thickness and the level of iodine
sensitivity required in the image. The exposure level should be in
the range 0.4 - 0.8 R per image frame.

TABLE I

MAXIMUM PATIENT EXPOSURES ACHIEVABLE WITH THE ANGIOGRAPHY SYSTEM
AT SSRL BEAM LINE IV-2, ASSUMING SPEAR OPERATING CONDITIONS OF 100 MA
AT 3 GEV, AND A WIGGLER FIELD OF 18 KG. IT IS ASSUMED THAT THE
MONOCHROMATIZED BEAM IS COLLIMATED TO A HEIGHT OF O. 5 MM AT THE
PATIENT POSITION, 28 M FROM THE WIGGLER.

SCAN SPEED TOTAL ACQUISITION MAXIMUM EXPOSURE
TIME PER LINE PER IMAGE FRAME
(em/sec) (msec) (mR)
24 2.1 98
12 4;2 195
6 8.3 391
6.7 782

3 1

N
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EMERGENCY STOP INTERLOCK

COMPUTER OK INTERLOCK

ANGI GO (ANGIOGRAPHY INTERLOCK SYSTEM GO/FAULT)
9.1 ANGI FAULT LOGIC

9.2 KEYED FAULT RESET

10.0 KEYED TIMER CIRCUIT

10.1 SCAN CYCLE ENABLE (XEYED TIMER)
10.2 START SCAN & EXPOSURE TIMERS (REDUNDANT)

.C ANGI ON/OFF LINE CIRCUIT

11.1 FOLLOWER RELAYS
11.2 HUTCH DOOR BYPASS

12.0 INTERACTION WITH HUTCH PROTECTIOW SYSTEM (HPS)

12.1 HUTCH STOPPER STATUS

12.2 HUTCH DOOR ADDITIONS

12.3 HUTCH DOOR REMOVAL

12.4 HUTCH STOPPER OPEN ENABLE FROM ANGI

13.0 SCAN SWITCH INTERLOCK

13.1 LOGIC
13,2 SCAN SWITCH FOLLOWER RELAYS.

0021990
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STANFORD SYNCHROTRO  \DIATION LABORATORY

CODE

SERIAL

PAGE

7600-54250

CLOSED CMD = OPEN CMD

NOTES: 1. IMAGING SHUTTER MUST BE CLOSED TO OPEN SAFETY SHUTTERS.

ONCE SAFETY SHUTTERS ARE OPEN, IMAGING SHUTTER MAY BE OPENED.

2. IF HUTCH STOPPERS ARE CLOSED, SAFETY SHUTTERS MAY BE OPENED
WITHOUT STARTING THE KEYED TIMER OR CLOSING THE RADIATION

SCREEN DOOR.

0021492

ENGINEERIG NOTE 2 or13
AUTHOR DEPARTMENT TOCATION BATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS INTERLOCK (ANGI) BL IV-2
2.0 SAFETY SHUTTER OPEN/CLOSE COMMAND (8S OP/CL CMD)
w - & o
[+ 4 = 1] =
3 S g 5
— fos) v g . E
e sc-c’ z ﬁ < -]
= = = [SI=
r O = - (&) @] (@]
=} w =8 A 4} 4]
v M <] < K| — =
€2 z2 28 g2 s B
& % =5 =l Z Z2
WA N | N I | L
1SS OfEN CLOSE -~ g§s 1 -+
COMMAND ] ll I r ] I l l OPEN
CMD
|| [ s«
| | | | A OPEN
175 %) — < [Rey-a) CMD
= = 5. o T
o e ZQ Z8
[V an] [
O m. ==}
= w T 2
v O v [
= 5 > B
&) =
= =3
o} [N
== <t
%5
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7600-54250

STANFORD SYNCHROTRO “\DIATION LABORATORY

CODE

SERTAL

PAGE

ARE CLOSED.

0021993

SAFETY SHUTTERS
CLOSED

| |

|

HUTCH STOPPERS
CLOSED

ENGINEERLWLWG NOTE 3 o 13
AUTHOR DEPARTMENT LOCATION DATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
3.0 IMAGING SHUTTER (I.S.) OPEN/CLOSED COMMAND
::4“ - [7p)
o g £
=] B Bz
& £ ) < @
€ m S m Eem o o
R R =] O &)
o < < B <
— = C = 1
: 2 : : g
5] » & z <
COMPUTER [ || l
1.5 OPEN/CLOSE = T IS
COMMAND l | | | OPEN CMD

NOTES: 1. IMAGING SHUTTER MAY BE OPENED WITHOUT CHAIR MOTION OK OR THE
KEYED TIMER ON IF EITHER THE SAFETY SHUTTERS OR THE HUTCH STOPPERS

RL<3220 (Rev. 5/75)




600-54250

ENCODERS - 2ea -
GIVE PULSE TRAINS,
CHAINS A & B

CHAIN B IS SIMILAR

NOTE: EACH ENCODER CIRCUIT (CHAIN A & CHAIN B) HAS ITS
OWN INDEPENDENT POWER SUPPLY.

0021994

STANFORD SYNCHROTRO'  .ADIATION LABORATORY cope SERIAL FAGE
ENGINEERIG NOTE 4 or13
AUTHOR DEPARTMENT LOCATION DATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
4.0 CHAIR MOTION INTERLOCK - REDUNDANT
4.1 FAULT LOGIC
CHAIR MOTION CHAIR INTLK CHAIN A
OK A GO A
CHAIR
424 l ‘ I 1/;2\\ INTLK.
T | ] * | \\\_’//7 GO A
LATCHED
IMAGING SHUTTER
CLOSED A
|| | I FAULT = GO
L 4 || * A A
FAULT A
HUTCH STOPPERS RESET
CLOSED A
¢ { 1 P
SAFETY SHUTTERS
CLOSED A
CHAIN B IS LIKEWISE CONFIGURED.
4.2 CHAIR MOTION OK — REDUNDANT
CHAIR
MOTION
Hgligh RETRIGGERABLE | . L ggléES
3? TRIG > ONE - SHOT Q >
IN RELAY,
' CHAIN A
ROTARY INCREMENTAL T

OUTPUT STAYS TRUE
(RELAY ON) AS LONG

AS PULSES FROM

ENCODER ARRIVE BEFORE
ONE-SHOT TIMES OUT.

RL-3220 (Rev. §/75)




STANFORD SYNCHROTRO \DIATION LABORATORY

CODE

SERIAL

PAGE

600-54250

CLOSED A

|

CHAIN B IS LIKEWISE CONFIGURED

6021995

NOTE: 1. TIME OUT INTERLOCK FAULTS IF A TIMER (CHAIN A & B)
TIMES OUT WITH A SAFETY SHUTTER NOT CLOSED, UNLESS
HUTCH STOPPERS ARE CLOSED.

ENGINEERING NOTE 5 or13
AUTHOR DEPARTMENT LOCATION ATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
5.0 EXPOSURE TIME OUT INTERLOCK — REDUNDANT
EXPOSURE
TIMER A TIME
EXPOSURE
ON
OUT OK A TIME OUT
+24 ® l K v OK A
I LATCHED
SAFETY SHUTTERS
CLOSED A
L % 4
FAULT A FAULT = OK
HUTCH STOPPERS RESET " .

RL~3320 (Rev. §/15)




T

¥

SERIAL .

SN

7600-54250

CLOSED A

CHAIN B IS LIKEWISE CONFUGURED

S SRS
B
g e
1

002199b

STANFORD SYNCHROTRO ADIATION LABORATORY.... S L L
ENGINEER-.«G NOTE R e 13
AUTHOR ] EPARTM&NY o B LOCAI!QN' ] DATE '
R. Hettel . T A llzs/se
.4
. : SR
ANGIOGRAPHY PPS ) R
6.0 RADIATION PANEL DOOR INTERLOCK - REDUNDANT
..,_.,.4.,_.,...__,.._. — e - - - —
.. _.;‘ -dl :‘
.‘""',’i‘ T T
RAD PANEL DOOR INTLK
" CLOSED A K A
I I
+24 o INTLK
| | ] 0K A
(LATCHED)
SAFETY SHUTTERS
CLOSE‘) IA | |
[ -$ —
| l l FAULT = GO
A A
RESET
HUTCH STOPPERS FAULT A

RL-32320 (Rav. §/75)



7600-54250

STANFORD SYNCHROTRO' .DIATION LABORATORY cooe SERIAL PAGE

ENGINEERING NOTE 7 013
AUTHOR DEPARTMENT TOCATTON DATE

R. Hettel 1/26/86

ANGIOGRAPHY PPS

7.0 EMERGENCY STOP INTERLOCK -~ REDUNDANT

EMERG.
EMERG. STOP
STOP STOP OK A
SWITCH 1 SWITCH 2 - ETC 'I EMERG
+ —— .
24 ﬁ_-_& _____.___OO- | | STOP
: CHAIN A 1 OK A
, : (LATCHED)
—_—0H 1 f—— —L0 | & — ' | FAULT = GO A
A
CHAIN B - ll
FAULT
RESET A
CHAIN B

CHAIN B IS IS LIKEWISE CONFIGURED

NOTE: THIS LATCHED FAULT 1‘AY ALSO BE USED TO STOP CHAIR MOTION.

0021997

RL-220 (Rev. 5/75)




600-54250

STANFORD SYNCHROTRO  \DIATION LABORATORY coot

SERIAL

PAGE

COMPUTER
OK

(DRY CONTACT ]

FROM COMPUTER

WATCHDOG TIMER

SYSTEM) FAULT
RESET A
COMPUTER

OK B

[
i

FAULT
RESULT B

0021998

©

ENGINEERING NOTE 8 or13
AUTHOR OEPARTMENT LOCATION DATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
8.0 COMPUTER OK INTERLOCK - WATCHDOG TIMER, ETC
COMPUTER A
OK A
+24 l | !l COMPUTER
| I M L KA 0K A
(LATCHED)

FAULT A = OK A

COMPUTER
OK B

(LATCHED)

FAULT B= 0K B

RL~32320 (Rev. §/75)




600-54250

6021999

STANFORD SYNCHROTRO'  .DIATION LABORATORY coot SERIAL FAGE
ENGINEERING NOTE 9 or 13
AUTHOR DEPARTMENT LOCATION DATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
9.0 ANGI GO (FAULT) - REDUNDANT
9.1 GO/FAULT LOGIC
-
s3] R
g Z <
|4 = -} 9 = ol
| = << (o] O -
B = - [ = M
[ Z ] < O & v = O
[sa} o] [~ = O =
g o o B o Y
% < - < (=] — .[:1 o <t 5 ﬁ S <
C M é o & S 2 = g 14 O = = O
[ &N o] &N &) no =t [ @] [/ 0] < &
I ANGIO
l GO A
o a (LATCHED)
=
20 FAULT = GO
o 5 -
=< A A
CHAIN B IS LIKEWISE CONFUGURED
9.2 KEYED FAULT RESET
o | o— >— KA RESET
l FAULT A
|
RESET
OPERATOR KEYSWITCH
AME
(:ESETA;Es?TCH SUMMARY RESET
FAULT B

RL-3220 (Rev. §/78)




STANFORD SYNCHROTRO'  DIATION LABORATORY jeece SeRiAt | mheE
ENGINEERI«G NOTE - 10 or13
AUTHOR DEPARTMENT TOCATION DATE
R. Hettel 1/26/86
ANGIOGRAPHY PPS
10.0 KEYED TIME CIRCUIT - & SCAN SWITCH
A KEYSWITCH IS ENERGIZED BY A CERTIFIED USER WITH KEY TO INITIATE A START
SCAN TIME-OUT PERIOD (v 20 SECS). A SCAN SWITCH MUST BE PUSHED WITHIN THIS INTERVAL
TO BEGIN A SCAN (SAFETY SHUTTERS WILL BE OPENED, ETC.) THE SCAN SWITCH ON ENABLES
REDUNDANT EXPOSURE TIMERS TO BE TRIGGERED WHEN THE IMAGING SHUTTER FIRST OPENS.
THE SCAN SWITCH MUST BE HELD ON FOR THE SAFETY & IMAGING SHUTTERS TO BE OPENABLE.
SEE Pg.13 FOR SCAN SWITCH INTERLOCK. RELEASING SCAN SWITCH WILL NOT CAUSE A FAULT
IF SAFETY SHUTTERS OR HUTCH STOPPERS ARE CLOSED.
10.1 SCAN SWITCH RELAY FOLLOWERS — REDUNDANT
| . CHAIN A m SCAN SWITCH ON A
e} K :
l O
o CHAIN B @ d SCAN SWITCH ON B
10.2 START SCAN ENABLE KEYSWITCH & TIMER
EMERG OFF
A& B
+24 IN | l +24
| I FLASHING
TRIG WARNING
L—-—e l ——— LIGHT
1 SCAN ENABLE
. TIMER RELAY
NOTE: EMERG. ON ! (v 20 SECS)
OFF FAULT _/
WILL TERMINAT +24 G———— SCAN ENABLE
TIME-QUT KEY
24 STEADY WARNING
LIGHT WHILE
. EXPOSURE TIMERS
10.3 EXPOSURE TIMER - REDUNDANT ‘
= l l l I I > TRIGGER EXPOSURE
A SCAN ENABLE | ] : .
3 | | | TIMER A
W +24 WHEN START SCAN SWITCH TIMAGING  EXPOSURE
§ SCAN TIMER ON ON A SHUTTER TIMER A ON
TD;\ CLOSED A
) :
S 0022000 cmer1 5 IS LIRDIISE CONFIGURED
D :
~

RL-3320 (Rev.§/T5)
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STANFORD SYNCHROTRON  DIATION LABORATORY

ENGINEERh.G NOTE

CODE

SERIAL

PAGE

11 413

AUTHOR DEPARTMENT

R. Hettel

LOCATION

1/26/86

600-54250

ANGIOGRAPHY PPS

11.0 ANGI ON/OFF LINE CIRCUIT - REDUNDANT

11.1 ON LINE FOLLOWER RELAYS

ON LINE A

&

ON LINE B

o

LA
)

OFF ON

ON/OFF LINE
KIRK LOCK SWITCH

11.2 HUTCH DOOR BYPASS

REMOVABLE
DOOR CLOSED A

€

> o/e

ON LINE A

3

REMOVABLE DOOR
CLOSED B

N, 0

~~ -~

ON LINE B

[
|l

(REDUNDANT CHAINS A & B)

S HUTCH 4-2 CHAIN A

DOOR CLOSED CIRCUIT

CHAIN B

DOOR CLOSED CIKCULT

NOTES: 1. ANGI ON LINE SWITCH BYPASSES THE REMOVABLE HUTCH DOOR

RL~3210 (Rev. §/T6)
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7600-54250

STANFORD SYNCHROTROM *DIATION LABORATORY cooE SERIAL PAGE

ENGINEERL.G NOTE 12 o 13
AUTHOR DEPARTMENT LOCATION DATE

R. Hettel 1/26/86

ANGIOGRAPHY PPS

12.

0 INTERACTION WITH HUTCH PROTECTION SYSTEM (HPS)

12.1 HUTCH STOPPER STATUS

ANGI RECEIVES HUTCH STOPPERS HS1 AND HS2 OPEN AND REDUNDANT
(CHAINS A & B) CLOSED STATUS

12.2 HUTCH DOOR ADDITIONS

12.

12,

ANGIOGRAPHY MONOCHROMATOR, ROTATING DRUMS, SAFETY SHUTTERS, AND IMAGING
SHUTTER ARE ALL ENCLOSED IN A SHIELDED ENCLOSURE INTERLOCKED WITH REDUNDANT
SWITCHES AND LOCKED WITH AN OPERATORS PADLOCK (SSRL OPERATOR CARRIES KEY).
THE SWITCHES ARE CONNECTED INTO THE HUTCH DOOR CIRCUITS, AND WILL CAUSE AN
HPS FAULT (HUTCH SUMMARY FAULT-DUMP SPEAR) IF NOT CLOSED WHILE HUTCH STOP-
PERS ARE NOT CLOSED.

3 HUTCH DOOR REMOVAL

THE REAR DOOR OF THE BL IV-2 HUTCH IS REMOVED FROM THE HPS DOOR
CIRCUIT WHEN THE ANGI INTERLOCK IS "ON LINE" - SEE Pg.ll

4 BUTCH STOPPER OPEN ENABLE FROM ANGI

#

e

5

&

o= . .

Cho o< S

250 29 2o

+24 l I || Il .

A I wrer

OPEN ENABLE

I{

|

HUTCH STOPPERS
OPEN

NOTES: 1. ANGI SAFETY SHUTTERS MUST BE CLOSED TO OPEN HUTCH STOPPERS. ONCE

HUTCH STOPPERS ARE OPEN, SAFETY SHUTTERS MAY BE OPENED.

8022002

RL-2320 (Rev. 5/T8)
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N,

CODE ) SERIAL . P !}GE. g

STANFORD SYNCHROTRON "’ADIATION LABORATORY -

P

ENGINEERI. .G NOTE @ |l hsan
AUTHOR DEPARTMENT = COCATION un: ) T IR
R. Hettel T L . 1/16/86~—~3~» :
S ‘_ S - . . . i R L. ey -
ANGIOGRAPHY PPS : ~,~4; : B | : f R
13.0 SCAN SWITCH INTERLOCK (DEAD MAN SWITCH) REDUNDANT A '."Aﬂfﬁ,fw.
~13:1--L0GIC - - j*- o -
SCAN j SCAN
SWITCH SWITCH
ON A OK A
|| ' ) SCAN
| II SWITCH
OK A
SAFETY SHUTTERS
CLOSED A
Py { } l ‘ FAULT A = OK A
HUTCH STOPPERS- RESET
CLOSED A . FAULT A

CHAIN B IS LIKEWISE CONFIGURED

NOTE: 1. SCAN SWITCH MUST BE HELD CLOSED DURING ENTIRE EXPOSURE TIME AS DEFINED
BY THE SAFETY SHUTTERS BEING OPEN. RELEASING BUTTON WHILE SAFETY

SHUTTERS CLOSED, OR WHILE HUTCH STIPPERS CLOSED, WILL NOT CAUSE A FAULT.

13.2 SCAN SWITCH FOLLOWER RELAYS

DOULBE POLE PUSH BOTTON {MOMENTARY)

0022003

1600-54250

M cuaN a
n ) -
| \\N_//r
l
l CHAIN B
+24 ' :5‘TL'E§ R

/3
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SSRL MEMORANDUM
Date: January 29, 1986
T0: DISTRIBUTION

FROM: JOHN CERINZ/%
G

SUBJECT: HUMAN ANGIZGRAPHY EXPERIMENTAL REVIEW

The Stanford Angiography Group intends to request beam time in the
April dedicated run to perform the first human angiograms. The
medical protocols have been approved by the Stanford Medical
Committee for the Protection of Human Subjects in Research.

The SLAC Radiation Safety Committee will conduct a review of the
safety aspects of the equipment, interlocks and procedures. That
review is scheduled for Thursday, February 13,1986 at 1:30. The
venue is SLAC A&E Rm. 223 (Yellow Room).

Because of your special experience, I request that you participate
in the above review representing SSRL and report your impressions
to the Director.

The experimenters are preparing a package of descriptive material
which I will forward to you.

Please contact me to confirm your ability to attend. Thank you.

dist:

CARL CORK
ETHAN MERRITT
BRAD YOUNGMAN

c:

BIENENSTOCK

BOYARSKI, Chmn. SLAC Rad. Saf. Comm.
CANTWELL, Sec. SSRL Saf. Comm.
FINSTON, Dir. Stanford Health Physics
WILKEN

ORI 0

0022004 -



= Tplrr CLr1m0
From.

6002200

OFFICE MEMORANDUM STANF~ 1 UNIVERSITY OFFICE MEMORANDUM §THNFORD UNIVERSITY

RECEIVED
JAN 17 1986
SSRL

C e y» e S

DATE: January 7, 1386

TO: E. Rubenstein, M.D.,

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

FROM: Chairman, Medical Committee for the
Protection of Human Subjects in Research

PROTOCOL TITLE:
K~-edge Anglography with Synchrotron X-rays.
(Grant: K-edge Subtraction Angiography with Synchrotron X-rays}

The Commitiee approved human subjects involvement in your research
project on January 7, 1886.

The expiration date of this approval is January 6, 1987. 1If
this project is to continue beyond that date, please submit an updated
proposal in advance for the Committee’'s re-approval. If this proposal is
used in conjunction with any other bhuman experimentation or if it is
modified in any way, it must be re-approved for these special circum-
stances. In addition, the Committee requests prompt notification of any
complications which may occur during any experimental procedure.

All continuing projects and activities must be revieuwed and re-
approved at least annually by the Committee. Committee approval of any
project is for a maximum period of one year. It is the responsibility
of the investigator to resubmit the project to the Committee for annual
review,

Fatthy 7900 40w d

;
/m, Don Ry/Goffinet, M.D., Chairman

cc: Sponsored Projects
Marshall 0'Neill

Funding Agency: (NIH HLZ9024; NIH HV38039; DOE DE-AT@3-84ERGQZ20Q) (R)
Period of Time: @1/07/86 through ©1/06/87

Investigational New Drugs: N, N/A

Investigational New Device: N, N/A

Cooperating Institution: N



RENEWAL ’ protocol #

REQUEST FOR INSTITUTIONAL APPROVAL OF PROJECT INVOLVING HUMAN SUBJECTS AT RISK
THE MEDICAL COMMITTEE FOR THE USE OF HUMAN SUBJECTS IN RESEARCH

To: Kathy Callahan, 851 Welch Rd., #115 Date: November 20, 1985

PI for Grant/Project: rRobert Hofstadter, Ph.D. . MD/PhD Titleprofe

Other Investigators: Edward Rubenstein, M.D. MD/PhD - Professor (Clinical)
Donald C. Harrison, M.D. MD/PhD ‘Professor

Title of Research Project: K—edge Angiogqraphy with Synchrotron X-rays

(AND GRANT IF DIFFERENT) K-edge Subtraction Angiography with Synchrotron X-rays

1 ROl HL29024-01-Al NIH Grant 7/1/83-6/30/86
Contract/Grant # 1 HV-38039 Sponsor NIH Contract Period_7/1/83-6/30/86
o : DE-AT03-84ER60200 DOE Grant - 2/1/84-1/31/87
[ Invest1gator s AddressRm. TC—129 Dept NEdlClne Ext.7-7188 ‘T -v.ggagi,ﬁé£;§
:,:’1 "?:"As??»q'p‘.:}‘f ‘3!*“ 3 jf>ere a2 LS B3 i'*" PR '""f: R . .
- "Sponsored _X Unsponsored ” l est1 ational Drug Investigational Device
- ~Department Chairman 1o v L
S . " SIGNATURE _
| REVIEw'PkOCESS - Check One: REGULAR REVIEMW PLEASE SEND 4 COPIES (ﬁb NOT STAPLE)
” EXPEDITED REVIEW PLEASE SEND 2 COPIES (See regulat1ons :_
(VA Not Eligible)™ . . on reverse side of this form) '

Paragraph number under wh1ch expedlted
review is requested. .

APPROVAL OF THE HUMAN SUBJECTS COMMITTEE SHOULD BE OBTAINED PRIOR TO SUBMISSION OF THE
RESEARCH PROJECT TO HHS/NIH. THE COMMITTEE MEETS THE FIRST TUESDAY 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:

1. Protocols Involving Use of Radiocactive Materials.
A separate form for projects involving radioactive mater1als should be obta1ned
from the Health Physics Department, Room 67, Encina Hall, X-3201.

« Number of Subjects Involved to Date.

2
3. Description of Results to Date.
4

« Problems or Complications.

5. Description of Remainder of Project.

6. Describe Any Changes Since Original Approval.

7. Attach the Consent Form(s) You are Using for this Study.
{Even if it is the same as previously approved.)

OR:

If this project is the same as a previously approved study under a different name, please
supply the title, investigator, date approved and consent form approved by Committee:

6022006

6/84 | _ Approval Date




RENEWAL

Request for Institutional Approval of the Protocol Entitled:
YK-Edge Subtraction Angiography with Synchrotron X-rays"

Additional Information:

1.

6'

Protocols Involving Use of Radicactive Materials.

Radicactive materials are not used in this project.

Number of Subjects Involved to Date.

Human subjects have not been studied to date. Experiments have been
conducted on anesthetized dogs. The first experiments on human sub-
jects are currently scheduled for April 1986.

Description of Results to Date.

The left anterior descending, the right coronary and the circumflex
arteries have been visualized following transvenous injections of
contrast agent in anesthetized dogs.

Problems or Camplications.

None

Description of Remainder of Project.

As previously described.

Describe Any Changes Since Original Approval.

Results of experiments on anesthetized dogs indicate that scme in-
jections of contrast agent may be made into a central vein, such as
the superior or inferior vena cava, rather than into a vein in the
upper extremity. For the central venous injections, the injection
rate will vary from 5-20 ml per second. For the higher injection
rates, a power injector will be employed.

Consent forms are attached.

0022001



INFORMED CONSENT FOR 'CHROTRON ANGIOGRAPHY BY MEANS iVENOUS INJECTION
OF CONTRAST AGENT

You are invited to participate in a study of angiography. We hope to
develop a means of visualizing arteries without the direct injection into
the arteries of x-ray contrast agents. You were selected as a possible
participant in this study because your physician(s) has recammended that
you undergo angiography by the invasive technique, involving arterial
catheterization and the direct injection of contrast agents into the

arteries.

If you decide to participate, we will perform an angiographic procedure
(coronary, cerebral, other,) by means of a venous injection of contrast
agent, employing x-rays produced at the Stanford Synchrotron Radiation
Laboratory. You will be given injections into a vein of a radiographic
contrast agent, as employed in routine clinical practice. The injection
may be given directly into a vein in the arm or may be given into a vein
in the chest. In the latter instance a flexible, hollow tube, called a
catheter, will be inserted into a vein in an extremity (usually the arm),
and the catheter is then advanced into the chest so that its tip is in a
central vein adjacent to the intake chamber (right atrium) of the heart.
The contrast agent will then be administered using a power injector, at a
rate up to 20 ml/kg of body weight per injection. Following the injec-
tion, scanning digital radiographs will be taken of the arterial struc-
tures being studied. The procedure will probably require 1/2 to 1 1/2
hours. The risks of this procedure include the following: severe aller-
gic (anaphylactoid) reaction to the iodine contrast agent; mechanical
tear of a vein; impaired kidney function; reaction to local leakage of

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

It would be impractical and even misleading.to describe in detail all of
the possible risks and complications which might result fram the proce-
dure. Any questions should be discussed with a member of the angiography
team who will be performing the study. This person will review the pro-
cedure as is planned for your individual case.

0022008



Potential benefits that may be accrued to you relate to information
about the status of the arteries to be studied. Such information might
be accumuiated without +the necessity of performing invasive arterial
injections. We can not or do not guarantee or prcmise that you will
receive any benfits from this study. Affer analyzing. the results of
this examination, your physicien may reccmmend that you undergo the
alternative procedure, that of routine angiography employing

arterial catheterization and direct injection of radiocontrast agents

into the arteries.

Any data that may be published in scientific journals will not reveal
the identify of the subjects. In the interest of public safety,
patient imformation will be provided to federal and regulatory agencies

as required.
There will be no fee charged for the non-invasive angiogram.

Your decision whether or not to participate witl not prejudice you or
your medical care. |f you decide to participate, you are free to
withdraw your consent and to discontinue your participation at any

t+ime without presjudice to you or effect on your medical care. I|f you
have any questions, we expect you to ask us. | f you have any additional

questions later, we will b2 pleased to try to answer them.

In the event of physical injury that arises solely out of the neg-
ligence of the Stanford Univeristy Medical Center or its staff in this
study, reimbursement for expanses incurred for necessary medical

treatment and hospitalization is available. For further information,
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please call 497-5244 or write the Medical Center Committee for the
Protection of Human Subjects at 851 Welch Road, Room 113, Palo Alto,
California, 94304. |In addition, if you are not satisfied with the
manner in_which this study is being conductad, you may report any

complaints to the same telephone number and address.

Persons who participate in a medical expzariment are entitled to
certain rights. These rights include but are not limited to the
subject's right to: be informed of the nature and purpose of the
experimant; be given an explanation of the procedﬁres to be followed
in the medical experiment, and any drug or device to be utilized;

be given a description of any attendant discomforts and risks
reasonably to be expected; bzc given an =zxplanation of any benefits

to the subject reasonably to be expected, if applicable; be given

a disclosure of any appropriate alternatives, drugs, or devices
that might be advantagzous to the subject, their relative risks

and benefits; be informed of the avenues of medical treatment, if
any, availablz to the subject after the experiment if complicafiong
should arise; be given“an opportunity to ask any quésfions concerning
the experiment or the procedures involved; be instructed that con-
sent to participate in the medical experiment may be withdrawn

at any time and the subject may discontinue participation without
prejudice; be given a copy of the signed and dated consent form;
and be given the opportunity to decide to consent or not to consent
to a medical experiment without the intervention of any element of

force, fraud, deceit, duress, coercion or undue influence on the

sub ject's decision.
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YOUR SIGNATURE INDICATES THAT YOU HAVE READ AND UNDERSTAND THE ABOVE
INFORMATION, THAT YOU HAVE DISCUSSED THIS STUDY WiTH THE PRINCIPAL
INVESTIGATCR(S) AND HIS OR HER STAFF, AND THAT YCU HAVE DECIDED T0
PARTICIPATE BASED ON THE INFCRMATION PROVIDED. A COPY OF THIS FORM

IS AVAILABLE TO YOU UPON REQUEST.

Signature Date

Signature of Investigator or Witness

11/81
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STANFORD UNIVERSITY HOSPITAL
STANFORD MEDICAL CENTER

COMSENT TO OPERATION, ADMINISTRAT!
OF ANESTHETICS, AND FOR DIAGNOSTI:
OR THERAPEUTIC PROCEDURES

Date

NMAME OF PATIENT

Hour

MAME OF ATTENDING PHYSICIAN

NAME OF SURGEON OR PHYSICIAN FPERFORMING PROCEDUNK

1. Your physician(s) has determined that the operation or procedure listed below may be beneficial in the diagnosis or treatr
of your condition. All surgical operations and diagnostic and therapeutic procedures involve risks of complication, inj
or even death, from both known and unknown causes. No warranty or guarantee has been made as to result or cure.

2. OPERATION/PROCEDURE TO BE PERFORMED:

.

3. Physicians performing professional services, such as anesthesia, radiology, pathology and the like, are not employees of
Hospital. These physicians are either in private practice in the community or faculty members of the Stanford Univer
-  School of Medicine.

4, Stanford University Hospital and Clinics is an educational institution, and as part of the medical education program residc
interns, medical students, postgraduate fellows, and other health care students may, under the supervision of the atten
physician, participate in the care of teaching patients.

5.  As a patient you have a right to receive as much information as you may need in order to give informed consent or to re
the recommended course of tréatment. Except in emergencies, your physician({s) should describe in language you can un
stand the proposed treatment or procedure, the medically significant risks involved, and the aiternate courses of treatmen
nontreatment, including the respective risks of each. If you have questions, you should consult your physician(s) prio
giving your written consent to such operation or procedure.

Having read the above and having received the above information from my physician(s), | hereby authorize the above-na
physician(s) and any associates or assistants of my physician(s) to perform the above-named operation or procedure and to pro
such additional services as may be deemed medically reasonable and necessary, including, but not limited to, the administra
and maintenance of anesthesia and services involving pathology and radiology. I further authorize the pathology service to us
discretion in the disposal of any severed tissue or member, except: :

v

BunAIUNE OF PATILMT, LLUAL LUANOIAN, COUNSLUVATONR ON
LLGAL HEPRFSENTATIVE

BHMATUNE OF WITHLSS

(If patient 1s a minor or unable to sign, complete the following.)

Patient 1s a minor , or is unable 1o sign because

P FaYNLR
SleNATUNE O MHOMATUNE OF MUTHEA

CLGAL v unDian, CONILAVATON, OF LEGCAL REPQESENTAIVE

15:01 (Rev 1,8y {Vea en el reverso la versidn espafiola)



HOSPITAL DE LA UNIVERSIDAD DE STAN?ORD,
CENTRO MEDICO DE STANFORD

PERMISO PARA OPERACION, PARA LA APLICACION
DE ANESTESICOS Y PARA PROCEDIMIENTOS
OIAGNOSTICOS O TERAPEUTICOS

Fecha

Hora

Y
.

o n¥?

NOMBRE DEL PACIENTE

NOMBRE DKL H"DCCO DE CARECERA

NOMBAE DEL CIARVIANG O MEDICO A CARGO DXL FROCEDIMIENTO

Su Médico (o Médicos) ha determinado que la operacién o procedimiento que se consigna mi3s adelante puede ser de beneficio
para el diagndstico o tratamiento de su estado de salud. Todas las operaciones quirdrgicas y procedimientos diagnosticos vy
terapeuticos inplican riesgos de complicacién, lesion o aln muerte, de causas conocidas o desconocidas. Ninguna garant{a o
sequridad se ha determinado en cuanto al resultado o cura.

OPERACION/PROCEDIMIENTO A EJECUTAR:

Los médicos que prestan servicios profesionales tales como anestesia, radiologia, patologia y servicios semejantes no son em-
pleados del hospital. Estos médicos se dedican a la practica privada en la comunidad o son miembros de la Facultad de Medi-
cina de la Universidad de Stanford.

E! Hospital y la Clinica de la Universidad de Stanford constituyen una institucion educacional, y como parte del programa de
educacion médica, los residentes, los internos, los estudiantes de medicina, los becarios graduados y otros estudiantes del cuidado
de 1a salud pueden, bajo 1a supervision del Médico en asistencia, participar en el cuidado de los pacientes que estan bajo el
plan de estudios.

Como paciente, usted tiene derecho a recibir tanta informacién como usted pueda necesitar a fin de dar el correspondiente
permiso, o a rechazar o negar el curso del tratamiento recomendado. Excepto en casos de emergencia su Médico (o Medicos)
deben describir, en lenguage que usted pueda entender, el tratamiento o procedimiento propuesto, los significantes riesgos
médicos comprendidos y los métodos alternativos de tratamiento o no tratamiento, incluyando los respectivos riesgos de cada
uno. Si usted desca saber algo o tie'ne preguntas que hacer, usted debe consultar a su Medico {0 Medicos} antes de otorgar su
permiso por escrito para tal operacion o procedimiento a seguir.

Ed
: 1

Habiendo leido lo explicado anteriormente y habiendo recibido la informacidn anterior de mi Médico (o Médicos), por la presente
autorizo al Médico {0 Médicos) mencionado anteriormente y a cualquiera de sus colaboradores o ayudantes de mi Médico (o Médicos)
para llevar a cabo la operacién que se detalla anteriormente o proccdimiento a seguir y a proveer tales servicios adicionales como
fueren razonables y necesarios desde el punto de vista n"oEdico, incluyendo, pero no limitados, la aplicacidn y mantenimiento de
anestesia y servicios de patologia y de radiologia. Tambicn autorizo al servicio patoldgico para usar su criterio en la disposicidn de

cualquier tejido o miembro removido, excepto:

TiNMa OEL PACIENIE, TUTON, ANCANLADL, O MREPHESENTATANTE LEGaAL

Pima UL TESTILO

0 0 Z 2 0 ‘ 3 f (Si el Paciente es menor de edad o no pucde firmar, complete lo siguicnie.)

El Paciente es menor de ecad , 0 no puede firmar parque

AL}
1f~a Das PADHE PimaaA DS LA MAGAR

PIMMA DAL TLTLa, DESERION O @R FELIENTANTE L& .n



From: CERINO 13-DEC-1985 11:22
To: A,CAROL,CERINO
Subj: ANGIOGRAPHY SAFETY MEETING

THESE ARE NOTES, NOT MINUTES, ON THE ANGIOGRAPHY SAFETY
DISCUSSION HELD TODAY.

ANGIOGRAPHY GROUP ATTENDEES: JOHN OTIS, AL THOMPSON.
SLAC: DON BUSICK, NISSI IPE, JOHN JASBERG, GARY WARREN.
SSRL: JOHN CERINO, BOB HETTEL.

1. THE STANFORD HUMAN SUBJECTS COMMITTEE HAS REVIEWED THE
MEDICAL PROTOCOL FOR THESE EXPERIMENTS; BUT HAS NOT CONCERNED
ITSELF WITH THE HARDWARE OPERATION OR SAFETY. AL THOMPSON WILL
SEND A COPY OF THE HSC APPROVAL TO CERINO FOR SSRL.

2. CERINO ASKED WHAT FEDERAL OR LOCAL REGULATIONS MIGHT APPLY TO
THIS EXPERIMENT. THOMPSON AGREED T0 SOLICIT A RESPONSE FROM THE
MEDICAL COLLABORATOR OF THE GROUP.

3. THE EXPERIMENT WILL BE PRESENTED TO THE SLAC RADIATION
COMMITTEE FOR REVIEW IN JANUARY 1986. AS YET NO ONE SEEMS TO HAVE
DISCUSSED THIS EXPERIMENT WITH THE PRESENT SLAC DIRECTOR. THE
PREVIOUS DIRECTOR HAD REQUESTED A LEGAL ASSESSMENT OF SLAC’S
LIABILITY FROM LLOYD SIDES. WARREN AGREED TO SEND A COPY OF HIS
RESPONSE TO CERINO FOR SSRL.

4. A DISCUSSION OF INTERLOCK AND DOSE MONITORING SCHEMES TOOK PLACE
LEADING TO SEVERAL SUCGESTIONS FOR EQUIPMENT CONFIGURATIONS. THE
IDEA OF EXPOSING A FILM OR TLD PACKET WITH THE SUBJECT FOR A
HISTORICALLY SECURE DOSE RECORD SEEMED ATTRACTIVE.

5. NO NEXT MEETING WAS SCHEDULED PRIOR TO THE RADIATION COMMITTEE
PRESENTATION, BUT I EXPECT THAT SEVERAL OF THE PEOPLE WHO MET
TODAY WILL WORK INFORMALLY ON THE SAFETY SYSTEM CONFIGURATION
WHICH WILL BE PRESENTED FOR REVIEW AT THAT TIME.

CC.

ATTENDEES

SSRL SAFETY COMM.
B. WILKEN
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PAGE 1

I. INTRODUCTION

The use of Beam Line IV-2 at SSRL for diagnostic X-ray medical imaging
presents questions of radiation safety and control that have not previously
been encountered at SSRL or SLAC. MWhile the protection of personnel and other
experimenters clearly falls within the domain of the SSRL personnel protection
system, there is no precedent at SLAC to guide the division of
responsibilities for control of patient X-ray exposure. It is clear, as in
any radiological laboratory, that the responsible physician must determine the
total X-ray exposure permissible in an imaging series. This plan describes
the devices that control and monitor the X-ray expdsure to the patient, and a

system designed to protect both personnel and patient.

II. IMAGING AND SAFETY CONTROL

The X-ray images will be acquired in line-scan fashion, with the patient
moving vertically at constant speed and the X-ray beam sweeping over the field
of interest. The essential components in the imaging apparatus are indicated
in Figure 1. The experimental protocol, as presently envisaged, calls for the
acquisition of several images in rapid time sequence by repeating the scan
motion alternately in opposite directionsf To prevent X-ray exposure to the
patient during the periods of deceleration and acceleration betueen the
constant-velocity scans (as well as before and after the imaging sequence) the
X-ray beam will be blocked by a fast-acting imaging shutter. This shutter is

not shown in Figure 1.

During the scan sequence, the patient will be alone in the shielded
examination room that confines direct and scattered radiation. Houever, the

attending personnel must be able to enter this room immediately in response to
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PAGE 2
a possible medical emergency, even if a scan is in progress. A fast-closing
safety shutter, triggered by an interlock system when such entry is begun,
will extinguish the X-ray beam before these personnel can reach the radiation

area. This shutter is also not shoun in Figure 1.

Patient exposure to the beam will be monitored and limited by aiprotection
rcomputer which will act to extinguish the beam if it detects a malfunction in
any of the system components. Independent monitors with hard-wired logic to
close the safety shutter will be employed only uWwhere needed to detect

potentially serious system failure.

The imaging sequence will be controlled by a scan-control computer but will

be subject to overall supervision by the protection computer.

The scan-control computer, the protection computer, and the hard-uired
logic must interface to the SSRL personnel-protection system collectively so

that they can:
(1) withhold or remove the enable for opening the SSRL beam shutters.
(2) open or close the enabled beam shutters.
(3) sense whether the beam shutters are open or closed.

(4) close the safety shutter in response to the detection of a system

fautt.

The interaction between the scan-contirol computer, the safety computer, and

the SSRL personnel protection system is shown in Figure 2.

0022021 |



PAGE 3

I1II. ACCESS CONTROL TO EXAMINATION ROCM

The disposition of equipment in the examination room during an imaging

sequence is indicated in Figure 3.

Standard SSRL closed-hutch operation would be psychologically stressful to
the patient and would impede access of both physician and emergency equipment
to the patient in the event of a medical emergency. Therefore, the doors on
one side of the hutch must be left open or removed. In their place will be
erected leaded glass or Plexiglas radiation screens so that the physician and
patient will be able to maintain eye contact throughout the procedure. The
screens Will be arranged to intercept any single-scattered radiation from the
hutch interior while leaving an unobstructed passageuay. A ”dead-man” suitch

Will be located at the entrance to this passageuay.

Interlocks will prevent opening of the SSRL beam shutters wunless the room
doors on the opposite side are closed and locked, and the dead-man suitch is
held closed. The scan system cannot open the SSRL beam shutters until the
fast-closing safety shutter has been opened and armed. The fast-acting
imaging shutter located dounstream of the monochromator, will be used to
control admission of the beam to the patient area when the SSRL beam stops are
open. This shutter cannot be opened unless the dead-man switch is closed, and
it will close rapidly if the dead-man suitch is released. Release of the
dead-man suitch will also release the fast closing shutter and close the SSRL

beam shutters. .

During imaging operations, ' the ‘physician will have the responsibility for
seeing that the patient is properly positioned and the hutch is clear of other
personnel. He uwill then stand at the room entrance, visible to the patient,

holding the dead-man suwitch. The SSRL beam stops can then be opened. The
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PAGE 4
imaging shutter remains closed until it is opened under computer control as
part of the scan sequence. If the patient requires medical attention during a
scan, or if the physician observes some malfunction in the scan operation,

release of the dead-man switch will extinguish the beam and abort the scan.

To prevent unauthorized operation of the system, the ?ead—man switch is
inoperative unless it is first gnabled by the operation of & key-lock suwitch
located next to it, the key being kept by the physician. Operation of the
key-lock suwitch s¥arts a timed interval (about 5s) during which the dead-man
suitch must be closed. If the dead-man switch is not closed within this timed
interval, or if it is released after being closed, it must again be enabled by

use of the key-lock switch.

To facilitate necessary alignment and calibration procedures for the
scanning system, it will be desirable to have the means to rapidly change to
the standard closed-room, “no-bars” mode of operation, with all harduare
interlocks to the fast-closing safety shutter and the fast-acting imaging

shutter bypassed.

IV. CONTROL OF PATIENT EXPOSURE

The beam position Will be marked by a 1light-beam system to aid 1in the

proper positioning of the patient in preparation for a scan.

If the full beam intensity is not required for a scan, it will Dbe
attenuated to the appropriate level by inserting an%absorber dounstream of the
monochromator. The beam will then pass through a calibrated ion chamber which
will be used to monitor patient exposure to the beam. If the exposure exceeds

a predetermined 1imit, the beam will be extinguished by closure of the safety
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PAGE 5
shutter. One available implementation is to convert the monitor ion-chamber
output to a proportional frequency which is counted down in a preset up/doun
counter. If the counter reaches zero, the beam is extinguished. A beam
monitor is an essential part of the scanning system. This monitor can be
calibrated and used as the patient exposure monitor. However, an independent
monitor will also be provided, either as the primary exposure monitor or as a

backup.

The scan-control computer will have primary control over the X-ray exposure
to the patient during an imaging sequence. If it detects a malfunction in the
scanning system, the computer will act to extinguish the beam and to abort the
scan. To guard against computer failure, the computer will be required to
reset a “uwatchdog timer” at short intervals. The watchdog timer will close
the fast shutter (by removing its “enable’”) if more than 10 ms elapses without

a reset.

The rate of X-ray exposure from the monochromatized 33 keV beam collimated
to a height of 0.5 mm is approximately 47 R s-'. This assumes SPEAR operating
conitions of 3 Gev, 100 mA and an 18 kg wiggler field. 1f the beam is
focused, as planned, uith a cﬁrved crystal monochromator, -the exposure rate
will increase by a factor of 4.8. Thus, the safety of the patient requires
thét the imaging shutter be closed unless the scanning chair is in motion at
the correct speed. Because of the high beam intensity, a hard-wired chair-
motion detector will be provided in the circuit that enables opening of the
fast shutter, instead of to relying solely on software-controlled computer

monitoring of the scanning-chair motion.

Table I summarizes the possible range of potential patient exposures as a

function of the selectable scanning speed of the patient chair, or,
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PAGE 6
equivalently, the acquisition time for each horizontal line element in the
image (summed over both X-ray energies). Cases (1) and (2) in the table refer
to vertically collimated and vertically focused beams, respectively. The
actual exposures allowed for a particular patient study will depend on the
patient thickness and the level of iocdine sensitivity required in the image.

The exposure level should be in the range 0.4 - 0.8R per image frame.

Figure 4 summarizes the relationship betwueen exposure, iodine thickness and
patient thickness, and also indicates the 1limit set by the maximum X-ray

fluence available at SSRL.

V. THE FAST SHUTTERS

An essential part of the scan system is the fast-acting 1imaging shutter
that will be used to block the X-ray beam during the non-imaging intervals in
the scan sequence. To ensure the safety of the patient and operating
personnel, the fast 1imaging shutter will also be closed promptly if a scan
system malfunction or break in the SSRL interlock is detected. To achieve the
desired response time (10-20 ms) during normal scan operation, external pouer

is required both to open and to close the fast shutter.

A separate fast-closing safety shutter will be used as a back-up for the
safety function of the fast shutter. Once open and armed, the safety shutter
will close rapidly (uithin 10-20 ms) if triggered by the breaking of the SSRL

interlock or by command from the scan system} or if external pouer is lost.

Since the safety shutter can c¢lose rapidly only after it is armed, 1its
control logic must prevent initiation of the relatively slou arming sequence

unless the SSRL beam shutters are closed. This order of operation is further
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PAGE 7
enforced by requiring that the safety shutter be gfrmed before the SSRL beam

shutters can be commanded to open.

The fast-acting imaging shutter will be located dounstream of the
monochromator enclosure and may be incorporated into the housing of the
energy-switching (rotating drum) mechanism associated with the monochromator.
The fast-closing safety shutter may be installed within the shielded

enclosure, or in an upstream moncchromator housing.
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TABLE CAPTIONS

1. Maximum exposure rates for collimated and focused beams as a function of

the table speed.
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PAGE 9

FIGURE CAPTIONS

1. A schematic diagram of the line-scan K-edge imaging system using

synchrotron radiation.
2. The logic diagram for the safety system.
3. The floor plan for the examination room.

4. A diagram showing the incident X-ray fluence requirement set by photon
statistics to detect the iodine thicknesses shown wuwith a signal-to-noise
ratio equal to 5 as a function of overiying tissue thickness. A detector
element area of 0.5 mm x 0.5 mm and an ¥-ray detection efficiency of 0.7
are assumed. Also indicated is the corresconding surface radiation
exposure. The dashed horizontal lines indicate the fluences potentially
available at both SSRL and NSLS, at a distance of 20 meters from the
wiggler source, for a line exposure time (above and below the K-edge) of
2ms. Vertically focusing monochromators are assumed at both laboratories.
Operating conditions at NSLS are assumed to be 2.5 GeV, 500 mA and a

wiggler field of 60 kG.
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Dare:  April 4, 1984

Dr. Panofsky

Lloyd Sides 2

Diagnostic X-ray Use of the Accelerator on Humans

A week or so ago, you asked me to look into the contractual and/or legal impli-
cations of the possibility that SSRL might want to use the Accelerator as an X-
ray source for experimental diagnostic work relating to the human heart. While
there does not appear to be any specific contract coverage bearing on this subject
matter, there are several provisions of which we should be cognizant in making a
judgment as to whether or not to undertake such research effort.

The University is obligated to take '"reasonable" precautions to protect the safety
and health of employees and the general public and to comply with all "applicable"
DOE safety and health requirements and regulations of which we are notified by DOE
in writing. (Art. XXXV, p.65; Art. XL, p.68). To my knowledge, we have not been
notified in writing by DOE of any applicable safety and health requirements or
regulations pertaining to research work involving human subjects.

The University is also obligated to keep DOE "informed" of "significant" matters
as far in advance as possible (Art. II(c)(4), p.8), must furnish cost estimates
for particular features of the work, and cannot proceed with particular work
without prior written approval of DOE, if such work is in excess of the latest
DOE approved estimate. Also, fabrication of new equipment or substantial altera-
tion of previously authorized equipment if its purpose is either modified or
operating characteristics are substantially changed requires advance DOE 'noti-
fication", and prior contracting officer approval if it involves more than
$500,000.00. (Art. II(c)(10), p.9).

I shouldn't think that any of these contract provisions would cause us any diffi-
culty particularly at the present stage of this matter.

Further, I am unaware of any specific Federal laws or regulations which would be
applicable other than the DOE regulations for Protection of Human Subjects with
respect to assurances as set forth in 10 Code of Federal Regulations, Part 745.
(See attached). These are quite general and rely largely -on the protocol estab-
lished by the Federal Department of Health and Human Services. As a general
matter, these regulations pretty much place the burden on the research institution
through its Institutional Panel on Human Subjects in Medical Research, to set its
own standards and provide certain assurances regarding procedures and safety
measures to the funding Federal Agency. I should note that my source in DOE Hq.,
Dr. Susan Rose, Office of Human Health and Assessments, advises me that all this
might change at some future time but as of now, this is it.
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Memo: Sides to Panofsky ~2- April 4, 1984
Subj: Diagnostic X-ray Use on Humans

One further item should be noted also and that is that the State of California
does have two statutory sections of the Health and Safety Codes which establish
standards for education, training, and experience, including liceunsing and certi-
fication, and otherwise regulate Radiologic Technology (under which diagnostic
X-ray techniques on humans explicitly fall) and Radiation Control (CA. Health &
Safety Codes, Chapter 7.4 and 7.6 respectively). Although ordinarily State law
such .as this would not necessarily apply to research work conducted in a federal
laboratory, the political climate and public relations sensitivity being what it

is today, it might well be both practical and prudent to adapt to some of the

State rules even though technically they might not be directly applicable, e.g.

the requirement for the X-rays to be administered under the supervision of a
certificated medical doctor. In as much as I'm sure the University Medical Center
is thoroughly familiar with and complies with these State procedures as a matter of
routine, this shouldn't be a problem for us either. )

I hope this is sufficiently responsive to your concerns, but please let me know
if you have any further questions.

LWS/gpe

attachment: 10 CFR

0022033
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To
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Dare: March 21, 1984

Files

’ r[/() - -
W. Panofsky (’. ' )’C }—/ 'f/) C/QJ‘VU \ J,/:,Lb‘ig
el < : ";"‘\
~/£‘/( iz

Human Subjects at SSRL

Dick McCall told me that SSRL was intending to do experiments
on humans using the machine as an X-ray source to produce images
of the heart on a dynamic basis. Animal experiments had been con-
ducted previcusly. The idea is to take images using two wave lengths
on the two sides of a K-edge of an element injected into the blood-
stream. Barry Hughes of HEPL will monitor the physics aspects of
the experiment.

I told McCall that I would assume that the Panel on Human
Subjects in Medical Research of the University would have certified
this project. In addition, I would not wish to give permission to
go forward until Health Physics had made a thorough examination of
possible accident modes and dosimetry.

ivphoned Lloyd Sides to check whether exposure of human subjects
in any way involves obligations we may have under our contract or
in other respects with reference to law or government regulations.

cc: Directors
R. McCall
L. Sides
A. Bienenstock
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Date:  June 28, 1983

To : Barrie Hughes

From : Herman Winick

Susec: Use of Human Subjects in Angiography Work at SSRL

Dear Barrie,

With the go-ahead from Art to proceed with widening of
the beam line we can now look forward to the use of human
subjects at SSRL. As you know, this will be the first time
human subjects will be in an x-ray beam at SSRL. We have
discussed this matter with you before and suggested that you
begin to secure the necessary approvals of use of human
subjects from the relevant university, medical school and
SLAC committees.

You and the medical members of your group are probably
quite familiar with the university and medical school .
committees. The SLAC Radiation Committee is headed by Dr.
(’ Adam Boyarski. Since this Committee has never had such a

request before, I urge you to contact Dr. Boyarski as soon as
possible. He can be reached at SLAC on extension 2703.

Best regards.

Sincerely yours,

Herman Winick

HW/j
cc: Adam Boyarski
G. Brown
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Dare:

September 17, 1982

To A. Bienenstock, G. Brown, J. Cerino, R. Gould, K. Hodgson &
I.Lindau

From Herman Winick f(h&/

SusJECT:

Reconfiguration of Beam Line IV to Enable Wide Beam
Angiography Studies

I have been pursuing my suggestion (originally made one
year ago) of reconfiguring Beam Line IV to deliver a wide
beam (12 to 15 cm). R. Boyce resurrected his notes on the
subject from last year and worked on it some more with J.
Cerino and me. We have come to the following conclusions:

a) The line can be reconfigured downstream of the
transverse wall to permit a 13 cm wide unfocussed
central beam at 28m as well as the present focussed
beam. This appears to be adequate for the immediate
angiography needs, although they would prefer 15 cm to
match the sensitive width of the new Si detector now in
construction.

b) To permit passage of the 13 cm wide beam and still
maintain the side stations, the side stations need to
move from their present location at about 5.5 mrad to
about 7 mrad. This makes the spectrum softer in the
side stations. However at 3 GeV and with 18 kG in the
wiggler the critical energy at 7 mrad is still quite
high (about 7 keV). So the main impact on the side
stations would be felt at lower wiggler field. In
particular, if the end station user was troubled by
harmonics and wanted to lower the wiggler, the side
stations would run out of flux sooner. 1In the present
5.5 mrad location at 3 GeV we can get good beam into the
side stations with the wiggler as low as about 11 kG.
The lowest wiggler field that would still provide useful
beam to the side stations at 7 mrad would be about 14
kKG. The geometrical arrangment of the side station
monochromator and hutch remain the same so that users
will sense no change except in the spectral hardness at
reduced wiggler fields.

c) The new hardware for the reconfigured beam line would
cost about $70 K and about 25 man-weeks of labor would
be required for assembly, test, bake and installation.
Both these numbers are rough estimates. Much of the
labor must be supplied by SSRL staff but some could come
from outside (e.g. job shoppers).

d) About 4 months are required to design, build and test
the new hardware and about one month for installation.
Thus 1t 1is possible (given enough priority and

092203b resources) to install the reconfigured line during the
planned Feb. 1983 shutdown.

b
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On 9/14/82 I met with Barrie Hughes to inform him of the
above and to explore with him the interest and capablilities
of the angiography group to implement this beam line. I
learned the following from him: The angiography group would
be very interested to use such a reconfigured beam line but,
at present, have no resources to put in. They are not
optimistic about getting substantial NIH funding soon. 1If
the beam were reconfigured, they would want about 25% of the
dedicated beam time for a minimum of two years to pursue
their program at a reasonable pace. They have to do much
work to make use of the new wide beam. This includes a new
monochromator, detector, electronics, hutch and patient table
and other items. However it appears very likely that, given
sufficient funding, all of this could be accomplished on the
same time scale as the reconfiguration of the beam. At
present they have sufficient funds only for the detector
completion.

Thus, it appears that the main hurdles to be overcome
are:
a) funding (NIH, Kaiser, Stanford University, other)

b) SSRL agreement to assign manpower resources to design
and build the line

c) an SSRL commitment of sufficient beam time to the
angiography group on this station.

If the commitment could be made by SSRL I imagine that
this would be instrumental in aiding the angiography group to
obtain the needed funds. We should not underestimate the
impact of such a commitment on our User community. The
wiggler beam lines are the most in demand at SSRL with
requests on the end stations running up.to 7 times the
available time. We must also carefully consider the impact
of this new work on the SSRL staff at a time when we have
heavy commitments to other construction projects.

It seems to me that the Stanford angiography program is
at a critical juncture. A wide beam is essential for further
progress. Developing a completelky new beam line for this
work is expensive and time consuming. Also the prospects for
obtaining enough funds to build a completely new line appear
poor. Reconfiguring Beam Line IV is cheaper and quicker, but
it has a negative impact on other SSRL Users,

If SSRL does not provide a wide beam soon, I imagine the
efforts here will wind down and similar programs will start
at other synchrotron radiation laboratories, several of which
will have suitable wide beams within about a year or so. The
excellent progress made by the group to date and the
suitability of our present wigglers (with a reconfigured line
they will provide intensities equal to or better than that
which will be available at other labs for the next several
years) argue strongly for us to make every effort to provide
the needed wide beam. .

cc: R. Hofstadter
E.B. Hughes
E. Rubenstein
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October 20, 1981

To: E. B. Hughe34¥/ : u}

From: J. A. Cerinoi and W. Warburton
Subject: Angiography Beam

Several of us have briefly kicked around the following idea for an
angiography beam taken from Beam Line IV (or other wiggler beam).
See Figure 1.

A Si(111l) crystal could be located at about 8.5 m from the beam
origin point. At 0.37 A it would have a 2 6 deflection angle of
6.8°. A beam diffracted upward at that angle can be readily
extracted from the main beam line transport system via a Be window
and brought to the second floor level 20-25 m downstream. Such a
transport system would only conflict in minor ways with the
existing hardware on one of our wiggler lines. This means that
such a beam derived from Beam Line IV could do exposures in the
present VAX room. On Beam Line VII a small room added to Building
120 could be used.

The bandwidth of such a crystal will be approximately 110 eV at
E, = 33 keV. We believe this is adequate to the needs for iodine
dichromography.

Such a crystal is dispersive in energy vs. vertical angle; hence
one could, by masking the reflected beam select a particular
wavelength within the band of reflected light.

A second pair of crystals would reflect the two masked beams (one
above E_, one below E_) making them coincide at the plane of the
subject. By rapidly moving a shutter to select alternate beams
one could perform the exposure without moving crystals at all.
One should consider the possibility of demagnifying the beams by
asymetrically cutting the second pair of crystals. Sophia Rek, of
our staff, has expressed a willingness to give advice about
suitable crystals and the possiblity of focusing the beam in the
vertical.

I believe such a scheme would be less costly in dollars and less
interfering with other users of our beam lines than the earlier
proposal that is being considered. Please give it your

consideration and feel free to discuss it further with our staff.

Enclosures (4)

. Bienenstock

. Boyce

. Brown

. Hod _

" Rexoon 0022044

Winick
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