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INTRODUCT ION

Two previous +eports in this series have described a data-base
oriented system named DIRAC and some of its applications, notably
in the implementation of a documentation network for use by
astronomers. In the present report we have gathered several
documents pertaining to the application of the DIRAC prototype to
the medical environment,

In his classic book, "Use of Computers in Blology and Medicine"
(McGraw Hill, 1965), Ledley peointed out:

Perhaps the greatest utilization of computers will be
in blomedical applications. The problems that arise
here characteristically involve large numbers of data
and many complicated interrelating factors, and it is
just these types of problems for which computers are
primarily suited.

Several factors, however, have combined to delay the implenentation
of medical data-bases, and one of the objectives of our study was to
IVlustrate these obstacles in terms of examples drawn from clinical
and research data files, A primary factor has been inherent in the
design of computer software, The languages curreintly on the market
are procedural in nature: they demand the complete definition of a
problem before a program can be run on the machine. This is a
serious difficulty because medical information -- as opposed to
mathematical quantities =~- cannot be cast in a definite format, and
questions of Interest to a potential inves*tigator cannot always be
enumerated before the data is acquired. The constraints placed on
data retrieval in the environment of a Blood Bank, for example, are
such that on~line interaction with short response time is the basic
design objective. In order to clarify the problems of interactive
data handling in time-sharing under such constraints, we conducted a
serles of experiments with the DIRAC language prototype, These
experiments will be described in five reports.

YApplications of a Generalized Data-Management lLanguage in
Mediclne: Some Recent Experience at Stanford University', presents a
survey of the features of DIRAC that make it suitable in the medical
environment. |t then reviews various applications with an emphasis
on language design problems,

"Progress Towards A Direct-Access Hematology Data Base:
Stanford's Exrerience with the DIRAC Language', describes in
detatl the design and implementation of an Interactive infor-
mation system for bhone marrow analysise.

"Interactive Computer Management of Clinical Data: A New
Approach in the Bloocd Bank'", is a step-by-stcp illustration of the
same approach In the design of a model for a transfusion center. ~

Q
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“Forms Design in Medical Information Retrieval', reviews the
problems of information acquisition irm the canzer research
environment.

YExperiments with a Cancer Research File', completes the
preceding report with a descripticn of a computational interface
providing Interactive statistical information to a terminal user.
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1. INTRODUCTIO:I

An interactive file-oriented language that allows the user to
interface with a text-editor and with his own FORTRAMN or assembly
tanguage code has been implemented for the IBM 360/67 computer of
the Campus Facility ar* Stanford University by Dr, Jacques Valleg,
{4anager of the‘lnformation Systems Department. This paper is
concerned with one set of applications, medical, for which this
file-oriented language has been used.

The first section o the paﬁer is a brief description of a
file-oriented language called DIRAC. The four basic modes of

operation -- CREATE, UPDATE, QUERY, and STATUS -- are discussed,.

Also, a brief discussion on file structures which will be useful for
the prospective user of file-oriented systems,

The second section concerns itself with the different applications
that DIRAC has had at the Stanford Medical Center, and the impact the
i introduction of such a system has had upon the cost ard time spent on
r projects of éimﬁlar nature. . : i
- Conclusions and some recommenrndations for the future are
y dliscussed in the third section. The impact of such a system upon

the medical community, the patient and the doctor, with respect to

i Its ability to accelerate the research process as well as treatment

and diagnostic procedures are also discussed. Future

el

recommendations are given in light of the experience gained from

1' these studies.
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2, THE DIRAC SYSTEM

2.1 Background

DIRAC (Nate, !nteger, Real, Alphanumeric, and Coded) is an
information retrieval language which provides the user the abllity to
operate under fcur modes: CREATE, UPDATE, QUERY, and STATUS. (1)

(1) The CREATE mode allows the user to completely define
.the terminology and structure of his own file, The struc-
ture of the empty file Is constructed under this mode,

(2) The UPDATE mode allows such operations as adding,
deleting modifying, or replacing records.

(3) 7The QUERY mode of DIRAC allows the user to obtain
information about selected subsets of his file
at any level of the record structure so designated
by the user during the CREATE mode, The different
commands through which a file may be queried are
described in a later section of this articie.

(4) The STATUS mode provides the user with an up-to-date
status report for his particular file., Field
Jdentification, desrription of the fields, statistics
and validation Information are displayed in a stan-
dard report form.

2.2 File Stiructures for DIRAC

A file Is defined here as a collection of related records
containing data needed for subsequent processing. The medical field
lends itself nicely to strictly defined file structures in that
structures beyond the subfield structure are usually not required,
This has been the case at Stanford Hospital for the three
applications discussed in this paper.

ERIC 10
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'2.2.1 Fields and Subfields:

Within a DIRAC record every property is identified as an indi-
vidual field: a patient's name in a hospital record, an address, an
invoice number. Oﬁce record structure is determined by the user,
the fields are declared to DIRAC and named and identified during
file creation. They are then available for any type of retrieval
response from the file. Fields of a record can be numeric, integer
such as 'Age', numeric real such as 'purchases' on a charge account
(XX.XX), alphabetic such as 'Name' or 'Address'; they can also be
dates or codes.

A record consists of flelds which may themselves be formed from two
or more subfields. This process of suhdivision (tree structure5 can

theoretically be continued.

File

,/”’//’//

ReCOl’d . ReCOl’d......o.

Fie‘d 1 Fie]d 2 F'eld 3........

7N\

N
Flteld 2 Field 2
(subfld 1) (subfld 2)........

However, in the first version of DIRAC file structure
representations were not supported beyond the subfield level.
2.2.2 File Construction Under DIRAC:
DIRAC provides the user with the opportunity to completely
speclify his own file organization or structure. Thus, the user does
not have to be concerned about using a fixed fleld or fixed word

O
]ERJ()ngth or format. He is not hound by a set of rigid rules

— 11



i i

JEOT | [
¢ .

bmteirmien
1

"y
T

]
1

pertaining to record size,

not even apparent to him.

The user should first compile a working list of

be included

singular or multiple (subfields).

create a DIRAC file of heart-transplant patients; we

in a record,

length,

P.tC.,

Example:

Ludwlg/page &

and these parameters are

specifying whether or not a

Suppose

all

field

that we want to:include the following information (fields)

patient's record;

A typical

Name

FIELD DESCRIPTION

Name of Patient

Hospital

Record Number

Home Address
Date of Birth
Home Phone

Cardiac Diagnosis
Vascular Diagnosis
Admission Dates
Dates of Operations

Status at Time of Discharge

Date of Death

Record #

Address

SINGLE/MULT{PLE

NTIZTZTZTNnLLn

Blirthdate

Patient Record would have the structure:

fizlds to
is

that we want to
have determined

in a

Home Phone

John L. Smith

237863

33 Fifth Ave.
Glendale, Ca.

19080325

4L59-7L14

Cardiac
Diagnosis

Vascular
Diagnosis

Admission
Dates

Operation
Dates

Status

Date of
Death

L (text)

(text)

(text)

(text)

19680325

L (text)

19681103

Note that the fields Cardiac Diagnosis,

U PV

te!

(tgxt)

T T

Vascular Diagnoslis,

e e mmea— .

Admission Dates, Operation Dates, and Status at Time of Discharge

12
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arc multiple. I uther words, a patient might.have been admitted
several times f«r somne type of diagnostic checkup or operation over
the past vear(s); each time the patient was admitted pertinent data
was recorded in the appropriate field.

The user iist also determine the "type'" of each field which he
includes as part of a record. For example, patient's name would te
alphanumeric {ALPHA), whereas Hospital Record Mumber would be
INTEGER; Date o% Birth wouid be DATE type, as well as Admission
Dates and Dates of Operations. However, in the latter two cases a
distinction is made to depict the MULTIPLE status of these two
fields.

After determining the type of each field and whether or not
that field is singular or multiple, the fields may be numbered

and given a name as follows:

FILELD NAME DESCRIPTION
1 Name Name of Patient
2 Number Hosplital Record Number
3 Address Home Address
1 BirthDate Date of Birth
5 Phone Home Phone
6 "CDiagnosis Cardiac Diagnosis
7 VDiagnosis Vascular Diagnosis
8 AdmDate Admission Dates
9 OpDate Operation Dates
10 Status Status at Time of Discharge
11 DDate Date of Death

A delimeter will be picked from a set of special chéracters (such as
@,%,%) to denote a field in DIRAC. (The user can pick any delimeter
out of the Vlist which is convenient to him, thus avoiding the need
for a rigid standard notation imposed by most existing systems. If
the user does not select a notatlon for record and fleld, the
standard notation $ and @ are used rcspeétively.)

DIRAC will prompt the user for Type and Multiplicity of the:

13
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fields within a record. 1In our example the following Information
would then be typed at the terminal: (where every line beginning
with a colon is typed by the user)
7. SUPPLY DATA TYPE AND MULTIPLICITY
: ALPHA SINGLE @3 @1 @5
: INTEGER SINGLE @2
: DATE SINGLE @4 811
: DATE MULTIPLE @8 @9
: ALPHA MULTIPLE @6 @10 @7
Field specifications can be input in any order. Also note that the
delimeter '"2" was used to specify fields, "integer Single" means
that the value to be stored in field 2 will be a single integer
number. "Alpha Multiple" reans that there exists a multiple field
In which alphanumeric information is stored. (The same holds true
for a DATE MULTIPLE specification.) From the example we note that
flelds @6 - @10 are multiple. Thus, when reference is made to ©@8(1)
-- admission date =- the cardiac diagnosis, vascular diagnosis, date
of operation (if there was an operation) for that visit (or duration
of stay), and a statement concerrilng the condition of the patient at
time of discharge are contained in @6(1), @7¢(1), @9(1), and @10(1),
respectively.
2.2.3 Medical Files:
Most files encountered in the medical field have the following
properties in common:
(1) They are patient-oriented files, i.e., they are set
up by patient name.
(2) Each patient has fields which are similar to other
patients, even though these may be in a completely
different file, e.g., address, phone, hospital 1.D.

number, bhlocd type, etc.

14




Ludwig/page 7

(3) Most flles cdo not go beyond the subfield structure,
e.g., 'treatment' might be the name of a field which is
designated ALPHA MULTIPLE. This means that alphanumeric
Information Is stored in this field and that successive
Information within each subfield (such as in the case of
an array item in FORTRAN) refers to a treatment given the
patient on a given date, whereas 'RxDate' might be the
name of a multiple field which stores the dates in each

successive subficld for each successive treatment.

3. DIRAC APPL!ICATIONS IN THE HOSPITAL ENVIRONMENT

3.1 Hematology Clinic
3.1.1 Statement of Problem:

The rapidly expanding volume of bone marrow examinations
performed at Stanford Medical Center has presented many problems for
the physician with respect to hls daily work patterns. These
problems, for which no classical solution Is available, have only
fecently been recognized. The ability to store and retrieve
pertinent patient record information is a case in point. Since it
Is essential to be able to analyze these data in order to perfect
new methods of diagnosis and treatment of hematologic disease, the
use of a file-orlented language seemed inevitable. By the
Introduction of DIRAC the following objectives were met:

(1) The production of a simple bone marrow report format

showing all of the essential information necessary
for meaningful identification and analysis.

(2) Interfacline this report generator with an efficient

file organizatlon within the DIRAC environment.
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A hrief description of the problem of data-base implementation
under these constra'nts is now presented along with an example
of 'conversational' interrogation.

3.1;2 fAata~-Rase Implementation:

A description o the bone marrow report system is presented in
Figure 1, Note that the hone marrow reports were tvped by a
secretary and then filed manually either by a clerk or hy the
secretary. This method proved to he quite cumbersome because when
specific bone marrow reports were desired for study a manual sort
had to be made to retrieve the documentfs). This was often time
consuming and a very burdensome task. Note also that there existed
no feedback to the patient from the bone marrow reports after they
were filed,

Figure 2?2 describes the first phase in automating the bone
marrow report system described ’n.Figure 1. The bone marrow
diagnosis was typed into a working data <°t in computer storage.
The reports could now be checked for acct “acy and verified.
Additions and corrections could be made with ease utilizing WYLBUR,
the Stanford text editor (2). A report generator was written which
would generate a formatted general report for each-patient record.
Copies of these reports are now distributed to different physicians
and to the medical records section of the hospital.

This automatic report generating system was a vast improvement
over the simplified file system described by Figure 1., The problem
of distributing bone marrow reports to various departments was now
solved. Since the bone marrow data was now belng input remotely

into the computer memory, there now existed a data-base within the

16
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TREATMENT

PATIENT
HIST, PHYS, | BONE
LAB,, X-RAY l MARROW
CLINICAL BONE tyoed b
. o L) —— y
DIAGH051S &&?%%%\1{ secretary
HOSPITAL |_ __ filed
JRECORDS manually
TREATMENT
Figure 1.
PATIENT
HIST, PHYS. BONE Rgxggs
LAB., X-RAY MARROW ACQUISITION
CLINICAL BONE REPORT
ACH MARROW
DIAGNOSIS i GENERATOR
' i
HOSPITAL HIGH-SPEED
RECORDS PRINTER
DISTRIBUTION

HEMATOLOGY|
DATA-BASE
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computer. Thus, the problem of storage & retrieval of specific
patient information when needed from the bone marrow file had bheen
partially solved -- a data base existed In machine readable form =--
but there existed no facility to interrogate the file. If a
physician wished to have information regarding a specific patient or
obtain statistical data concerning certain parameters within the
records he still had to search the file manually. The clerical task
of retrieving records for review and research analysis was solved by
the introduction of DIRAC, thus, transforming Figure 2 into Figure
3, Note that there now is feedback to medical personnel on the
diagnosis. This feedback is practically instantaneous, and thus,
alleviates the clerical burden of searching manually for records
within the file.

3.1.3 Conversational Interrogation:

Another advantage gained by introducing a data-management
system is that It allows research and administrative procedures to
be simplified. A whole file of bone marrow reports is now availahle
for interrogation by medical researchers. By use of its interface
capability DIRAC can perform statistical analyses on pertinent
records of the flle when directed to do so., Interrogation by users
of the file can also be displayed on a video unit or typed out at
the user terminal, or can be printed on a high speed printer,
whichever is more convenient based on the query and need of the
user. Figure 4 Is a status report for the Bone Marrow File. Note
field identifications, statlstics, and validations given to the
user.

The following example shows how the u§er can carry on a simple
‘conversation' with DIRAC. Browsing the file, retalning subsets of

selected queries, and displaying pertinent information are all

18
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displayed. (Each line heginning with a colon is the user's response
to a DIRAC prompt)
EXAMPLE OF COMVERSATIONAL QUERY

g SELECT ALL

401 RECORNS SELECTED
Sex CONTAINS FENMALE EMD

168 RECORDNS SELECTED
: RETAIN

Date CONTAINS €7 ENO

27 PECORDS SELECTED
Director COMTAINS WOLF FMD

3 RECORNS SELECTED

: TYPE Name MarrowNo FND
55

Name Mary 9. Smith

MarrowNo 55=17-25

) 96

Name Joan R. Jones

MarrowNo 77-22-28
RELEASE

Impression CONTAINS 'HODGKINS DISEASE" END

50 RECORDS SELECTED
Date CONTAINS "3-11-70" AND Quality CONTAINS GOOD END

2 RECORDS SELECTED
TYPE Mame Record Date Impression Ouality END

106
Name John R. Hopkins
Record 453-7239
Date 3-16-70
Quality G00D

Impression EOSINOPHILVA. PLASMACYTOS!S. AND INCREASED
R.E. CELL IRON, :

368
Name Kenneth 4. Lawrence
Record 583-31
Date 3-11-70
Quality G0OOD

Impression NON=DIAGNOSTIC MARROV., - PLASMA CYTOSIS AND
MILD EOSINOPHILIA.

: RELEASE
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In the ahove example the exclamation mark stands for a wild
character. Thus, searches may he made over a specific set of digits
in this case. Also the use of logical expressions is valid.

3.2 Stanford Blood Bank

3.2.1 Statement of Problem:

The Stanford Blood Bank, headed by Dr., Paul Wolf, has initiated
a research effort leading to the implementation of an automated
transfu§ion center prototype. This research effort has combined the
advanced hardware and software technology availahle at Stanford with
the Hospital's experience in Blood Bank design. It centers on one
aspect of medical information systems design, and leads to results
that will be generally applicable throughout the Clinical
Laboratory.

Even with the advent of better transfusion techniques and
devices, the Hospital still envisions an ever increasing use in
whole blood. Increased patient traffic, due to the advent of new
technology and greater capacity of the hospital, will add to this
expansion., Thus, a control system that will govern the use and
allocatlon of blood units throughout the hospital is a definite
need. Along with this Increase in whole blood use will come an
increase in the paper load both for administrative and research
purposes.

With the introduction of a non-proéqdural, file oriented,
data-base management system, namely DIRAC, the ahove problcms can he
direcf]y confronted and solved. The "non-procedural technique Is
characterized here by the abil[ty for the blood hank clerk, the

research assistant, medical technologist,'or a doctor, etc., to

22
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directly Interrogate or access a specified file without promrarmer
intervenfion or proecramming knowledge,
3,2.2 Systems Design » Analysis:
The objectives of the project were threefold:
(1) To decrease the paper-volume and paper-traffic through
the Blood Bank,
(2) To design an information system which will allow
medical personnel to access the files directly.
(3) To set up inventory and control systems for all units
passing through the Blood Bank.
The system as it existed prlor to the design phase is described in
Figure 6. Note that many of the servfces performed by the clerks
could easlly be performed by the computer, e.g., updating donor
cards, the entering of recipient 'nformation in the.S.U.H. loghook.
etc. The main files in this system are the Stanford Donor File, the
Reciplent File, and the Two Loghooks == Stanford Unlversity Hospital
Logbook and the Blood-from-ther-Banks Logbook.

Figure 7 shows how the existing system was redesigned to make
use of an interactive data-hase management language. Note the three
sequences Into which the system has heen partitioned: the matching,
inventory, and update sequence. The flow of paper is now |
administered internally by the blood bank clerk through the use of
this data-base management system.

3.2.3 Emergency Interrogation of Blood Donor File:

Assume that an emergency has arisen at a partlicipating
hospital. The Central Blood Bank receives a call to supply or
locate donors with O NEG Blood type. The'problem for the blood bank
Q

| 03
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TYPED UNITS
1) FRO%
| i
N
2y 2980! (ORANGE SLIP)
OTHER
BANKS ' ;
CROSS MATCH . DONOR CARD
e INCLUDES AN PATIENTS £LOOD PREPARED &
1.0. CARD WITH DONOR'S i Frer
. MESSERGER PICKS UNIT SENT TO
UP ELOOD; SIGNS ! BLOOD BANK
LOGBOOK, DATE, | WITH UNIT =
TIME
S
BLOOD USED D>—YES
?
BLOOD BANX CLERK ORANGE SLIP:
BLOOD REPLACED IN BANK | gE(FASES ELCOD & CHART COPY—~PATIENT
REPLACES ORANGE LAB €0PY —= FILE BOX
SLIP ON ORIGINAL DP COPY — D, PROC.
REQUEST
MATCH 1.D. CARD
WITH PHYSICIANS
copY
) UPDATE DONOR
CARD WITH RECIP-
IENT INFORMATION
UPDATE 1.D. CARD
WITH RECIPIENT : -
| INFORMATION - . o ENTER RECIPIENT
INFO, (UNIT =) 1N
S.H.H. LOGBOOK
LOGOFF ON
.F.0.8, .
BOOK . o SEND PHYSICIANS
COPY TO 6LOOD
. ACCTS. COORD.

SEND 1,D, CARD &
PHYSICIANS COPY
10 BLOOD ACCTS.
COORDINATOR

Figure 6.
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is to chéck their inventory and determine whether or not they can
afford to delete their supply of O NEG blood of locate donors and
send them as fast as possihle to the participating hospital.
Assume the doctor decides on the latter alternative. A clerk
will immediately establish communication with the computer (at
night, a terminal located in the director's home can be used for
this purpose) and the interrosation of the donor file under the
DIRAC system takes place as follows: (where every line beginning with

a colon is typed by the user)

t Serum CONTAINS O END

512 RECORDS SELECTED
¢ RETAIN
: RHType COMTAINS NEG END

28 RECORDS SELECTED

t City CCNTAINS "Belmont' END

20 RECORDS SELECTED

: DIFFERENCE (PresentDate - LastDate) > 60 END

18 RECORDS SELECTED
¢ HomePH CONTAINS "593-'" END '

11 RECORDS SELECTED

t TYPE Name Address'City HomePH Bus.PH Serum RHType END

23
Name Best, John S.
Address 1721 Hiawatha Dr.
City Belmont
Home PH 593-178¢9
Bus.PH 488-9161
Serum 0
RHType NEG

55
Name Smith, Roger D.
Addrass 275 Fifth Ave.

Figure

8
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The field 'Serum' is tested to deternine whether or not the
blood-type is 0. The resulting 512 records are retained for further
interrog;tion. 'RHType' is now tested and 28 records are found to
exist with an RH factor NEG. A successive filtering on each set of
resulting records obtained from each query results in the selection
of 11 records. The purpose of this guery was to find all those
persons whose blood type was O NEG, who lived in Belmont. who hadn't
given blood in the last E0 days, and vtose home phone started with
digits '533-'. The hlood bank clerk can now print out the pertinent
parameters for these individuals (phone no.). call them, and send
them to the participating hospital to donate blood. This prohlem
could be solved even further if thé participating hospital had at
its disposal a terminal which communicated with the 1local Blood
Bank. Thus, the participating hospital could directly interrocate
the Local Blood Donor Files and locate the proper individuals.
This network concept of information retrieval has been under study
and results are forthcoming. (3)
| Querying a file in this ménner seems highly cdvantageous as
opposed t6 searching by hand through a card file, The front and
backside of the donor information card are shown in Figure 9.
Attempting to search tﬁrough a few thousand of these donor cards for
specific hlood types could become a tedious and highly burdensome

task. Having the ability to interrogate this information internally

stored in the computer gives the clerk a ‘freedom that can be applied

to more meaningful tasks.
3.2.4 Management Reports:
Figure 10 is a description of the donor file as it now exists

in prototype form. This Is a standard report form which is printed

@ H>ut by DIRAC at the user's discretion. Note that the report gives

27
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. ~ STAIFORD UNIVERSITY HOSPITAL
Date BLOOD BANK :
ST NFORD, CALIFORNIA 94305

Doner Number

HNome Birth Date Minor? Sex

[{VY L] rimert [CYLT-1Y ¢

Address City Home Ph.

—_—
Dote los? donation No. of donations in last 12 mos.

Cradit o
.CBR

Succassful bleeding ____ Unsuccessiul Why

Bus. Ph

 —

Reaction

REMARKS:

M.D. Phieboromisy:

Hemontigen: ' :

Serum Grouping Cell Grouping

RH Yyping Serolagy

Technalogist:

ExpirotionDate - Recipiant = Hospital

. . ~
L " : - n = ESRAN - vt P e e et v e g,
HISTORY Donor: Do you hove or hove you ever been subject 1o the fallawing diseases ond canditions?
NO YES NO YES NO vES PHYSICAL EXxanm

Moalaria Rheumatic Fever Dental Ex1. (Last 72 Hrs ) TEMO.
Molario Areo or Drugs Kidney Diseose Under Physicion Care PULSE:
Joundice, Liver Disease, Hesantis Infectiaus Manonucleasis Medicotions Ly
Joundice or Hepotitis Contact Sweliing of Feet lmmunizotian of Injection o WEICHT:
Allesgies Convulsions, Fointag Seelis Sutgery ANT CUB FO3Sa
Skin Eczemo, Boils, Dermotitis Unesclained weiant loss Haspitoli zation HCO:
Ulcers Short~ess of Brecth Other illress within | Y. cuio,
Tuberculosis Pain in Chest Preancney CvARMETH
Dioberes Heart Candition " Transfusiony
Hazardous Decupotion Fece~s Ccld ot Sore Thegat Wecere sl Cigenses
Undulont ot Prolonged Fevers Persisient Cougn Food ar Donk within 4 hes.
Bleeding Tendency Anv Melinaancy Tartoos
® INCLUDES MUSUNIZATICON TO HUMAN BLCOD CELL ANTIGENS

REMARKS:

STATEMENT AND RELEASE

1 hereby centify that | have been quentioned concerning the diseasaes, illnesses, symptoms ond other physical conditions appearing on this cord;
thot | hove onswered teuthiully concerning each of the same ond oll questians eshed me ond thot | have never sulfered ony of sa1d diseases,
Hlnesses o symproms, except o indicated

I voluntorily donote my blood 10 the STANFDRD UNIVERSITY HOSPITAL BLOOD BANK, STANFORD, CALIFORNIA 94035, ta be used os
docided by the s0id Blood Bonk | hereby release the Stanfard University Hospital, irs members, 0gems, representanives and emplayees fram
oll cloims ond demands whatsoever which 1 have or may have by reason of the taking of bload 1o which I hove submitred or om about 1o submit,
. ond consequences resulting therefrom.

Donot's Signoture
9

Accepted . [

Relveed Why K.0,

Figure 9,
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all vital statistics of the file such as creation date, disposition
of the file, who created the file, and information on its contents,
as well as internal records information necessary for updating and
querying the file. The user also has the option of writing other
formats of reports which would be meaningful to him in his work and
then querying the file and selecting the necessary records and
displaying them through this medium. In other words, the user is
limited only by his own imagination as to what data he can display
through the various types of DIRAC interfaces available to him
(Terminal, Scope, and WYLBUR).

3.2.5 Inzeractive Updating of Files:

The environment under which the user can update files or
records within files Is unique to DIRAC. The user has the option of
etther updating his flle on a real time basis by terminal
interaction or by working through an interface provided with the
text editor, WYLBUR. Thus, if the user wishes he can catalogue his
updates and drive them (update the file) through WYLBUR. The
following example will demonstrate thls procedure thoroughly: Each
line beginnin® with a colon refers to the user's response. fFigure

11)

EXAMPLE OF UFDATE MODE IN DI!'RAC
NAME OF USER

: Smith
PLEASE TYPE EXECUTION MODE
¢ UPDATE WYLBUR “data set contalning
FILE IDENTIF!CATION original file records n
X990 worklng storage area. See
FIXED FORMAT ? Figure 12,
"t NONE
INTERFACE ?
t  WYIBUR

MAXIMUM RECORD LENGTH : 326 WORDS.
THE FILE CONTAINS 4067 RECORDS.
UPDATE EXECUTION TERMINATED.

Elaiira 11
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The user identifies himself and specifies the execution mode
- which he will he using. ldentification for the file is M010 (Boﬁe
Marrow) and the format of the file is not fixed. DIRAC now prompts
the user to designate Qhether updating will take place through WYLBUR
or terminal interface. At this point if the user's data set (where
the records for updating should he-- in WYLSBUR) 1s empty, NIRAC will
prompt the user and tell him that his data set Is in fact empty ard
that he now is given the opportunity to bring those records into kis
data set either from the disk vhere they are stored or typing them
now. (The latter alternative is, of course, an option, however, the
reader should realize that this procedure would then be the same as
terminal Interaction on the part of the user.) The real advantage
In us®*ng WYLBUR for updating procedures is that larﬁe amounts of
data can be Input into the file without the user having to sit at
the terminal and type in each record. Of course, the record
Information has to he keypunched éomewhere, but by placing it in a
working storage area which WYLBUR provides, the user can edit his
information prior to update making sure that most typing errors,
etc, are corrected. Also, terminal t}me would be expensive, as well
as CPU time if the user were to sit at the termlnal and input the
record quorﬁation without going through the WYLBUR interface.

An example of the data and how It might appear in WYLBUR ready
for Input Into DIRAC is shown in Figure i2.

EXAMPLE OF WYLBUR UPDATE FILE

| "MARKSON, JAMES"
MALE

"12-10-30"

"EIA“ )

- HOLMAN

31
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(con't)

EXAMPLE OF VWYLBUR UPDATE FILE

@6 "45-10-26"

@7 "A70-845"

@8 "7-24-70"

@9 YES

"ACUTE MYELOGENOUS
"“"NONE SUBMITTED."
"SCANTY SPECIMEN"
""NONE SEEN."
SPARSE

SPARSE

LEUKEMIA"

@2y

"MARROW [IHNFILTRATED WITH MYELOMONOBLASTS;

? SLIGHT

INCREASE IN MATURITY OF BLASTS SINCE LAST MARROW"

@27 "MOME SUBIITTED,"

@28 "AERAHAM POTOLSKY, M.D."
@29 "GEORGE WALTUCH, M.D."
NEW

@1 "SiMM, ROBERTA A."

@2 FEMALE

83 "4-21-36"

@y "E1p"

@5 '"J.VWARTMAN"

@6 "34-60-87"

@7 "c70-765"

@8 "8~-21-70"

@9 NO

Figure 12

The user may wish to delete,

flle.

Usually these revisions or

revise, or replace a record In hils

changes are of a lesser magnitude

than those of initially inputting -=- updating -- the data into the

file. 1i.e. using the WYLBUR interface. However, there may be

times when the user might desire to use WYLBUR for this type of

update. In the following exémple
displayed only.:

user's response. (Figure 13)

32

the terminal iInteraction is

Each line beginning with a colon reters to the
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INTERACTIVE UPDATING OF DIRAC FILE

FIXED FORMAT ?
H NONE
NEW OR OLD 2
: oLD

ACTION
: REPLACE $1$

RECORD NO. 1 DEL.

@ "John R. Smith" |
@2 **s585 E1 Camino, Palo Alto, California"

:  NEW

RECORD HNo. 4068

@1 **Larry S. Jones"
@2 *'45 Fifth Ave., New York"

“8 ee

: EI:ID
MAX{IMUM RECORD LENGTH : 320 WORDS,
THE FILE CONTAINS 4068 RECORDS. )
UPDATE EXECUTION TERMINATED. :

Figuré 13

In the above example the user ¥irst designates that he is going
to update 'OLD' records. Thus, he is replacing record
number 1 with another record or mayhe é similar record with part of
the field information altered. He then designates the mode 'NEW'
which means that he is going to input‘a new record into tha file.
At the present time there are 4067 records existing in the flle.
Thefefore, DIRAC prompts the user for the 4068th record. The user

types out the Information and terminates his update with "EMD',

O

33
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3.3 The Radio-Therapy Clinic
3.3.1 Statement of Problem:

The radio-therapy clinic at Stanford Hospital has undertaken a
study on 400 patients who have incurred prostate cancer. These
patients have beep followed-up for approximately 3-8 years and the
data which has been amassed in each patient file is considerable.

It Is not the object here to draw conclusion on the study per se
(this Is being done in the medical journals), but to present the
reason for which the file was created and implemented under PIRAC.
Specifically, to obtain results 'n this study, various subsets of
record information are needed to “¢ retrfeved and then correlated
efther against time nr Aagainst each other, Tn do this by hand would
be useless. To write a dedicated computer program to retrieve these
subsets and correlate them would solve the problem partially.
However, this method limits the investligators to hefore-the-fact
analysis, and provides no procedure by which statistics and
correlations other than those fhat were Dredeteré?ned and programmed
can be obtained. Thus, the investigator ls faced with a
reprogramming task to answer those questtons that were not
antlclipated. PNIRAC provides a solution to this problem by allowling
the user to browse his file and interrogate his file in a
non=procedural mode not having to anticipate questions that might
arise,

3.3.2 The Prostate Cancer File:

Figure 14 1Is 'a status report of the Prostate Cancer file. Note
that this file contains a large number of fields due to the large

amount of diagnostic Information obtained from the patients. Note

, A1so that there are a large amount of 'DATE' flelds, thus allowing

[ ERIC 34
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3.3 The Radio-Therapy Clinic
3.3.1 Statement of Problem:

The radio-therapy clinic at Stanford Hospital has undertaken a
study on 400 patients who have incurred prostate cancer. These
patients have been followed-up for approximately 3-8 years and the
data which has been amassed in each patient file is considerable.
it is not the object here to draw conclusion on the study per se
(this is being done in the medical journals), but to present the
reason for which the file was created and implemented under NIRAC.
Soeciflizally, to obtain results in this study, various subsets of
record information are needed to “e retrfeved and then correlated
elther against time nr against each other. Tn do this by hand would
be useless. To write a dedicated computer program to retrieve these
subsets and correlate them would solve the problem partially.
However, this method 1imits the investigators to before-the~fact
analysls, and provides no procedure by which statistics and
correlations other than thosc that were oredeter%?ned and programmed
can be obtained. Thus, the investigator is faced with a
reprogramming task to answer those auest'ons that were not
antlcipated. NIRAC brovides a solution to this problem by allowing

the user to browse his file and interrogate his file in a

non~procedural mode not having to anticipate questions that might

arise,

3.3.2 The Prostate Cancer File:
Figure 14 1s a status report of the Prostate Cancer file. Note
that this file contains a large numher of fields due to the large
amount of diagnostic information obtained from the patients. Note

also that there are a large amount of 'DATE' 1{ields. thus allowing

30
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ISTAHF(‘RD UMIVERGETY SYATUS PEPQART FOR TILF 30D (CLASL 1)

LANECNARE ¢
| COMPUTATION CENTFR® 20/SFP1IOIN
1

nIRAC-1*%
OFSCRIPTION : Flle of Prostate Coancer Patients

| OO

|
I
1
|
_ CREATION DATE : IR/SEP/YOTD 1 = TYPF FILF PAYF & Prostate )
] RECORD HOTATION : $4$ 2 » MULTIPLIC!TY FILF CRFATFD AY : RAY |
1 FIELD NQTATION & OF 3 = IRDEXINA PECORD LFIOTH @ 1024 . ]
- DISPOSITION s PUBLIC & = CODF RESIDFNCF vOL0F FITLDRS @ FS ]
HO. OF RECORDS 139 S = CODF TYPE LATFST UPPATF A 16/5FP/1970 i
|
r |
| FYELD IDENTLIF1ICATION., STATIST1CS AND VALIDATLION FHNFORMATION |
1, 1
STORARE VALIDATIONS STATISTICS EXISTENCF I
FLD NAME DESCRIPTION 1 .2 3 4 L NEC. SIZE suB. SI2E DEC. SuB. REC. PCT |
) '
T . |
t 1 HName Patient's ttarme A S 13 YES 0 [ 22 0 0 139 160.07%
2 suns Stanford University “osp. Mo. a S 0 YES 0 0 f 0 0 139 100,00 |
3 Birthdate . 0 S 0 0 0 11 0 0 139 100.02% |
. & Race A S 0 0 0 9 0 0 138 99.2°% |
I S Physiclan Referral Physlclan A S 0 0 0 29 0 0 139 100.00% |
{ 6 Address A S 0 0 1] SF 0 0 137 9g,5¢%5 |
* 7 Phone A S ] 0 0 12 n 0 65 LG.2:5% |
8 OM} First Visit DT [} S 0 - YES n 0 11 0 0 133 100,908 |
9 Symptoms Symptors & Signs A M 0 0 0 2L 0 3 139 10n,090% |
f 10- Durl Dur of Symptoms & Slgns 1 M 0 0 0 3 0 16 112 ge.5%% |
1 11 Status Hormone Status A M 0 0 ¢ 2n fn 7 130 100.00%
L 312 072 Horrmone OTs ] M 0 n [+] 11 0 3 65 HE, 5% |
13 Estrogen Estroren Type A S 0 0 1] 2 0 ] 135 972.12% |
1% Family Camily Hlistory A 4 0 0 [} 20 0 S 102 73.35% |
i 15 Past Past Madical History A M 0 [} 0 21 0 9 135 97 12¢ 1}
116 013 tvP OT ( Pre Rx ) 0 M n 0 [ 11 0 2 121 87.63% |
117 v 1VP - Roenrten Studies A M n 0 0 26 0 2 139 1ne.03% |
18 Chest Chest X-Ray A M 0 0 [ 32 0 13 139 100,004 |
19 DTk DTs ~ Chest, Liver, Arain [} M 0 0 [ 11 0 4 127 91.37% |
- 20 Scans Liver % Brain Scans A M 0 0 0 1 0 H 139 106.00% |
1 21 Laboratory Laboratory ~ Pre Rx A M 0 0 0 1 0 9 114 82.01% |
1 22 Recent Host Rec. Dx Evaluation A M 1] 0 0 10 0 . 2 139 100.00% |
© 23 long Long Bones A M 0 0 0 6 0 2 12 8.63% |
2% Cervical Cervical Spine A M 0 0 0 1 [} 2 13 9.35% |
- 25 Thoracic Thoracic Spine A M 90 0 0 [ 0 2 17 12.23% |
| 26 Lumbar Lumhar Spine A M 0 0 0 16 0 2 27 19.u2% )
{ 27 Sacrum Sacrum A M 0 0 0 ] 4] 2 23 16.55% |
* 28 Rinnominate R. Innominate Bone A M 0 ¢ 0 ] 1] 2 18 12.95% |
29 Linnominate L. Innominate Bone A M n 0 0 5 0 2 1¢ 13.€7% |
30 Pubis Publc A M 0 0 0 ] 0 2 19 13.67% |
f 31 Skull Skull A M 0 ] 1] ] 0" 2 19 13.€7% |
1 32 Ritium R. $1ium A M 0 0 0 14 0 2 22 15.83% |
€33 Lflium t. 1fum A M 0 ] 0 10 0 2 18 16,077 |
- 3§ Ribs Ribs A M 0 0 0 L} 0 2 9 6.47% |
. 35 Pelvis Bony Pelvis-other A M 0- 0 0 [ 0 ? 11 7.91% |
~ 36 Bones Bones =~ other A M 0 0 0 - 16 0 2 1] 5.7€% |
1 37 D15 Oiarnoslis DT 0 S 0 0 ] 11 [ 0 154 96.Ln% |
| 38 HMethod 9x Hethod A M 0 0 0 10 0 139 100.605 |
! 39 Cardiovascular Physical Examination | 0 0 1] 11 0 3 139 100.00% |
. 80 GU GU-Prostate, Phys. Fram, A M 0 0 0 14 0 8 139 10C.09% |
| { &1 Lymph Lymph Yodes A M 0 - 0 0 ] 0 . 139 100.00% |
1 82 Lep Leg Edema A M 0 0 0 2 0 3 139 100.90%
I A3 Stagine Starinz Summary A M 0 0 0 ? 0 S 139 100.00% |
3% &% PreviousRx Previous Rx A S [ 0 0 11 0 1] 138 99, 3:; 1
; &5 Therapeutlc Therapeutic Plan A M 1] 0 0 1 0 2 137 98.55% |
i 86 Bladder Bladder Infection A M 0 0 0 3 0 2. 139 1¢0.09% |
1 &7 Histopathology Histopatholory A M 0 0 0 32 0 11 139 10¢.00% |
I &8 Radiation Radiation A " 0 0 0 26 ¢ 13 138 °99.2:3% |
L &9 Area Area In CNt [} #“ 0 0 0 4 ¢ 6 136 97.84% |
- %0 DT6 0T of 1st Rx . D S 0 YES 0 0 11 ] 0 139 100.00% |
' 81 017 DT of Last Rx [} S 0 0 0 11 0 0 136 97.84% |
-; 52 ' Slze Size of Gland A N [ [} [ 1 0 2 136 97.2u% )
1 53 PRonyMets Bony Mets A M 0 0 o 2 0 [} 35 25.18% |
| S& Dur2 Lep Edemd Dur A 4 0 . 0 4} ? 0 3 6 4.32% |
; 55 Compllcatoin Complicatlions A M 0 0 0 65 0 13 135 92.12% |
i 56 Durl Our of Cormplications T M 0 0 0 3 0 12 to S’I.ES‘, t
2 87 1Impotency impotency A S © 0 0 2 0 0 §9  35.25% ¢
| 58 0718 DT of Last Follow Up’ n S 0 0 ] 1 0 0 137 98.50 |
| 59 Follow Follow-Up Status A # 0 0 0 28 0 [} 137 9?.55: {
‘60 Fallure First fFallure A S 0 0 0 1 0 0 134 96,107
i 61 DT9 DT of First Fallure 0 S 0 Q 0 11 0 0 [} 3?.37., t
t 62 Site Site . A [ 0 3] 0 14 ) 9 87 33.21~ |
L] 63 07110 DT of Liver Mets D S o0 0 0 11 0 0 1 0.77: I
| 64 FallureRx Rx of Fallures A S 0 0 0 [] .0 0 112 !0.53-‘ 1
t 65 Autons: Autopsy A M 0 0 0 38 0 7 137 af 56* |
} 66 0TI 0T ~f Rraln Hets D S 0 ) 0 [ 0 0 10 7.1%% |
' 87 Remarks General Corments A- S 0 0 0 130 0 0 46 3s.o0t |
3 68 Cause Cause of Death A S 0 0 ] 63 0 0 3625 903 |
. Q :
-‘EMC Figure 14,
T 6

-
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the user {(the doctors In this case) to Interrogate the file with
respect to date or time limitatlon. (this aspect is further
explained In the next section). This file differs from the other
fites discussed in this paper for the follow!ng reasons:

(1) A large number of fields exists.

(2) A complex mixture of types is represented.

(3) The filie is static, i.e., it does not change over

time.
3.3.3 Interactive Creation & Revistion of Files:
The environment under which the user can create or revise files

or records within files Is unique to DIRAC. A typlcal example of
the error recovery and revision procedures that DIRAC allows the

user durlng the creatlon phase Is as follows: (Flgs. 15 & 16)

EXAMPLE OF CREATE MODE REVISiON PROCESS

1. FILE NAME

: M300
2. FIULE "DESCRIPTION"
: "Eile of Prostate Cancer Patients"
3. DISPOSITION (PUBLIC/PRIVATE)
H PUBLIC
ENTER "AUTHORIZED UPDATE USERS"
e llRay"
REVISIONS ?
REVISE 3
3. DISPOSITION (PUBLIC/PRIVATE)
H PRIVATE

ENTER" "AUTHORIZED QUERY USERS"
"Ray Bagshaw"
ENTER "AUTHORIZED UPDATE USERS"
"Ray Bagshaw"

REVISIONS ?
NONE .

Figure 15

37
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DIRAC first asks the user to type a 'file name' and then a 'verbal
description' of the file which he is creating -- (1) & (2). 1t then
asks the user toc designate the disposition of the file, whether it
will be public or private =-- (3). tlhen this section has been
completed the user may discover that he forgot to specify that the
file be kept private and to place a certain name under "AUTHORIZED
UPDATE USERS". Thus, he now has the option to revise a specific
paragraph as shown in the illustration and to enter the name(s) he

wishes,

EXAMPLE OF CREATE MODE ERROR PECOVFRY PROCESS
(Con't from previous example)

L. SPECIAL NOTATION FOR RECORD AMD FIELD?

s NONE .
5. RECORD LENGTH ?
: 1024

REVIS'ONS ?

: REVISE 5
5. RECORD LENGTH ?
: 511
*hxl . _ 53
' LENGTH 1MUST BE A POWER OF 2, FROM
16 TO 2948 WORDS.

5. RECORD LENGTH ?

: 256
REVISIONS ?
H MONE
6. SUPPLY MAME AND "DESCRIPTION" FOR ALL THE FIELDS
@1 2
: Name '"Name of Donor"
@337 ’ |
: Comments "General Remarks"
@3y? :
H END
REVIS'ONS ?
H NONE

38.
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7. SUPPLY DATA TYPE AND MULTIPLIC!TY

ALPHA S'MGLE G1 £2 G4 (5 @6 01> . . . .
DATE SINGLE @3 £8 237 G50 @51 . . . . .
INTEGER MULTIPLE 210 @49

ALPHA MULTIPLE @15 930 @33

DATE MULTIPLE @12 G016 . . .

ALIDATION
@1 NECESSARY
@2 NECESSAPY
@18 SUBFIELDS 13
@50 SIZE 1
@9 MECESSARY
END

o0 oo o0 o0 o o0 I

REVISIONS ?

NOPE

kkkx ) , 51
PROPER RESPONSE !S EITHER "NONE"
OR "REVISE" .

REVISIONS ?
: NONE

}HE FILE HAS BEEN CREATED,
Figufe 16

Each request by DIRAC has associated with it a specific error
recovery message. If an error is made either in typing or

responding with the wrong type of 'VALUES' then the recovery process

Is triggered such as Is displayed in Figure 16.

1t must be remembered that during the create phase of DIRAC

e

field information for each record is not input Into the file. This
'Is done during the UPDATE phase. The CREATE phase is solely
concerned w.th the structure of the file and the parameters which

allow the user to define this structure.

" iy ety

(%)
e
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4, CONCLUSIONS

The three applications discussed in this paper are exemplary of
the manner by which a file~oriented language might be applied in
Medicine. Even though the applications are very different In
nature, they have the same hasic structure. In one application =--
Radio Therapy -= the files are used primarily for research purposes
and afford no administrative or accounting function. The other two
applications discussed -- Hematology and Blood Bank -~ utilijze
interface techniques which provide inventory control as well as file
management reports. These applications clearly point to the
signiflicance of a flexible and inexpensible file management tool In

the medical environment.

40



Ludwig/page 32
REFERENCES

(1) Vallee, J. and Ludwig, H.R., "DIRAC: An Overview of an Interact!ve
Retrieval Language', JOURNAL OF DATA MANAGEMENT, (Feb. 1971).

(2) Fredrickson, R., WYLBUR ON THE IBM 360/67, Stanford University
Computation Center, Stanford, California (1969).

(3) Stengle, J.M.,, '"The National Blood Resource Program and Data-
i Processing Systems', TRANSFUSION 10,3 (May/June 1970).

i (4) Hogman, C.F., and Ramgren, 0. 'Computer System for Blood
‘ Transfusion Service' TRANSFUSION 10,3 (May/June 1870).

(5) Stewart, R.A., and Stewart, W.B., 'Computer Program for a
Hospital Blood Bank', TRANSFUSION 9,2 (Mar/April 1969).

. (6) Valtlee, J., "Scientific Information Networks: A Case Study."
| Research Report No. 2. Information Systeins Group, Stanford ‘
L University Computation Center, (Oct. 1970).

(7) vallee, J. and Ludwig, H.,R., "The DIRAC Language: Concepts a‘.d
Facilities." Research Report No. 1. Information Systems G:roup,
Stanford University Computation Center, (May 1970).

o Ao A i i nm T T

41




b
PROGRESS TOUARDS A DIRECT-ACCESS HEMATOLOGY DATA-BASE:

STANFORD'S EXPERIENCE #1Tit THE DIRAC LANGUAGE.

Somspnay ca— — L_____ ] L]

ey

- Paul L. Wolf, M.D.
(Stanford University Medical Hospital)

r ' Herbert R. Ludwig, Ph.D.
(Stanford Computation Center)

[S——

Jacques F. Vallee, Ph.D.
(Stanford Computation Center)

42




oy podmg polmy e i e oy iy b bmee SN NS S e e

Page 34

SYNOP31S5-ABSTRACT:

A computer systeri has been impleiiented to permit the
efficient storage, retrieval, dissemination and analysis of
bone marrow examination reports at the Stanford University
Hospltal Hematoiogy clinic. The data-base structure described

in this article relies on an Interactive data manageuent

- language named DIRAC that allows physicians to create, update

and interrogate private files without any prozraruier

Intervention. An example of actual interrozation of a sample
file Is reviewed in detail. The impact this system has had on
the administration and work patterns of the Hematology clinic is

described.

KEYWORDS: Bone-Marrow examinations, medical data retrieval,

DIRAC Language, interactive information management,

direct-access techniques.
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. _IHTRODUCTION

The adaptation of the physician's work patterns in an
" increasingly complex information environient presents many
problems that have been recognized only recently, and for which
no cl!assical solution is availahle. The-rapidly expanding
volune of bhone marrow examinations performed at Stanford Medical
Center is a case in point. At the Stanford University tospital
Clinical Laboratory the number of examinations performed every
year is such that it has been extrenely difficult to store and
retrieve pertinent information. Since It is essential to be
able to anélyze these data in order‘to.pérfect new nethorls of
diagnosls and treatment of-hematologic disease, we have long
been interested In obtaining a simple (and, if possible,
inexpensive) computerized storace and retrieval method. Early in
1970, this led us to request the assistance of the Information
Systems group at the Computation Center, then in the process of
testing a language prototype called DIRAC. (1)
| A primary objeétive of our joint project was to produce a
simple bone marrow report format showing all of the essential
.lnformation necessary for meaningfﬁl identification and
analysis, and to fnterface this report generator with an
efficient file organization within the DIRAC environment.
Section |l describes the problem of data-base
Implementation under‘these constralnts. Section Il is a brief
overview of the DIRAC language, in particular, the mbdes under
which It operates: CREATE, UPDATE, QUERY, and STATUS. Section

O V contains the conclusions and recommendations for future

.

systeits of this type.
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1. DATA-3ASE [IPLEENTATION

Figure A is a description of the bone iarrow report system
at its inception. MNote that there was no initial feedback to
the ward. The reports were typed and ziven to the file clerk
for storinz. ‘lhen information was to be obtained fron the
records a person had to search the ff]e-until the desired
record(s) was obtained. This method proved to be unsuccessful
since recovery of records and their distribution took too long.

Figure B describes the first phase in automatinz the.bone
marrow report system described in Figure A. The bone marrow
diagnosis was typed into a working data set in computer storage.
The reports could now be checked for accuracy and verified.
Additions and corrections could be made with ease utilizing
WYLBUR, the Stanford text(editor (2). A report generator was
written which would zenerate a formatted seneral report for each
patient record (Fig.C)., Copies of these reports ‘are now
distributed to different physiciéns énd to the medical records
section of the hospital.

This automatiec report generating systew is a significant
improvement over the simplified file system described by Figure
A. However, the prdblem of retrieving specific patient
Inforination when needed from the bone marrow file had not vet
been solved . If a physician wished to have information
-regardinz a specifie patient or obtain statistical data

" .concerninz certain parameters within the records he had to
search the file manually, This, of course, was tiwe consuming
l@‘ﬁd especially inefficient when the information was crucial to a

ERC 45

IToxt Provided by ERI



Page 37

Patient

Hist, Phys, Bone

Lab,, X-Ray - Marrow

Clinical . Bone typed by

DPiagnosis Marrow ¢ secretary
REPORT

Hospltal , filed
Records manually
TREATMENT

R | Flgure A,




- Patient

s

Hist,,Phys.
Lab,, X-Ray

Clinical
| Diagnosis

Page 38

Hematology
Data-Base

Bone . Remote

Marrow Data
JMum;L]iJJJuld
Bone Report
Marrow GCenerator
REPORT
s N

Hospital High=-Speed
Records Printer

/AN

L.

TREATMENT

Figure B,

47

DISTRIAUTION




+

Page 39

1. MANAME: WATERS, SUSAN STANFURD  1Ge MEDs RECs WU: 32-U3-40

|
2., SEX: FE4ALE | UNIVFRSITY 7. O9CNE MACRCW NO: 870~456
3. PBIRTHCATE: 12-31-15 | MEDICAL CENTER 8. EXAd DATE: 4~23-70
4. WARN NU: CRC { L 9. PREVICUS MARRUW?
S. REF., PHYS: MERIGAN | BONE MARROw |
) REPURTY |
<t !

10, CLINICAL INFORMATION: MULTIPLE MYELOMA, ON TREATMENT.

b L ey o _

PERIPHERAL SMEAR
T e YT T

11. RBC: WUNREMARKABLE EXCEPT UCCASiCNAL TARGET CELL.

-
N
s

FLATELETS: CECREASEC SIGNIFICANTLY.

3. WwBC: UNREMARKABLF

Stmseros d

4. CCMMENTS:

BCONE MARROW ASPIRATE
LA RSS2SR SRR 20 T2 1

D EED e G D g W D G TR NS gup S e W SRS sy WD GEB eEn

emaaisin

f15. AUALITY: ADFOUATE 16. FMYELOID/ERYTHROIC RAYIO: 8:1
T 117, PEGARARYUCYTES: CECREASED. MLCRPHULCGY DISTURED. PUOR GRANULARITY.
1

118, PYELOID ELEMENTS: ACTIVE. LEFT=-SHIFTED.
(19, ERYTHRLID ELEAEATS: DECREASEC. .NLRMUBLASTIC.
{

f2C. CCMPENTS: PLASMACYICSIS, MARKED. PLASMABLAS1S PRESENT,

[V
. '
—in A G e S S G A G WD SIE G GED G SE SER e G @ GTD G G ey T Atm S S g G SRS S ey SED @0 SER SR SEL G TS S S e epn < e

|

t IRON STORES

{ BREBEINR RSN

121. AMOWNT: PRESENT/ANEQUATE 22. LOCATION: SOME IN RE CELLS
:zs. CCMMENTS:

| 24, IMPRESSION

{ SABEAS RIS ABINS

: MULTIPLE MYELCtA. THRUMBOPENIA WITH DECREASED MEGAKARYOCYTES [N BONE MARROW.
! .

| SPICULE . SECTION

{ 94 AR eRbRRERNS

§25. GQuUALITY: 26. CUNF tRM5 OTHER DATA: YES
{27. COMMENTS: MULTIPLE MYELCMA

{ '

28. RALPH GEURGE, M.D. ) 29. PAUL L. WOLFe M.D.

(RES INENT HEMATGLOGIST) (DIRECTOR,; CLINICAL LABORATCRY)

L .
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task at hand. The clerical task of retricevinz records for
review and research analysis has been solved by the introductién
of DIRAC, the first prototype in a faiily of information
oriented lanzuzczes desizned primarily for application areas that
demand flexible interaction with large files. It Is
non-procedural and demands no previous conputer experience on
the part of the user. (A norec detailed analysis of DIRAC is
given in the next section) S8y thg introduction of DIRAC figure B
is now transformed to Fizure D, HNote that there now is feedback
to medical personnel on the diagnosis. This feedback is
practically instantaneous and téhs, alleviates the clerical
burden of searching manually for records within the file,
Another advantaze gained by introducing this
data-iianagzement system is found in the that research and
adninistractive procedures are greatly simplifieds A whole file
of bone marrow reports ié now available for interrogation by
medical researchers. DIRAC automatically does statistical
analyses on pertinent records of the file when directed to do
so. Interrozation by users of the file can also be displayed on
a video unit or typed out at the user terminal, or can be
printed on a high speed printer, whichever is more convenlent

based on the query and need of the user.

11, DIRAC - AN OVERVIE:]

DIRAC (The name stands for 'DIRect ACcess', and Indicates
the five types uf data one may-wlsh to use -- Date, Intezer,
Real, Alphanumeric, and Coded) is an infornation retrieval

_language which glves the user the abillity to operate on his

493
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privafe data-base under four modes: CIEATE, UPDATE, QUERY, and
STATUS.
(1} The CAEATE node allows the user to completely define
the terﬂfnolozy ani structure of his oun file.

(

Y Tha UPDATE wo'e allous such o»nerations as aliing
~¥4

[

delating or raoanlacing recordis.,

(3) The JUS3Y mode allows the user to ohtain
inforuntion about selected suhsets of his file at
any level of the records structure, The different
comnands throuzh vhich a file inay be queried are
described in this artictle.

(k) The STATUS mode provides the user with an up-to-
date status report for his particular file. Field
identification, description of the fields, statis-
tics and validation information are displayed in a
standard report form.

CREATE !lode:

During the create phase of DIRAC the user describes and
structures his file completely. OIRAC will lead the user
through a series of steps, promptinz him for all information
necessary for the file creation., The user will specify the
general orgzanization of his data, whether the fields are
singular or nultiple, what linmitations he would like to ilanose
such as field size, maximun number of subfields, etec. DIRAC
ailso lets the user specify thoSe persons allowed to access the
file and those persons who.are allowed to alter the file during

UPDATE, thus providing the widest scope of file security.

ol



frrg evemg  amy  PENN e

[ B SNYY
3

i §

R L

Fonsmctmen oy

| ventitn g et

Page 473
A description of the henatolozy file created at Stanford
University liedical Center is given in Figure E. Note the field
numbers, names, and the various validations used. Fizure E is
the standard report form zenerated by DIRAC for the user
describinz the status of his file. (The 'status' of a
particular file is empty'until that file is updated).
UPDATE ilode:
during UPDATE mode the user can add, delete, or replace
records in his file. 1In other words he need not input all
information at once into the file. The user may have a delay
problem in obtaining some of thé necessary field information,
but may want to use the other information which he already has
acquired. e can input this inforiiation into the file and at a
later date complete the record. Fizure E is a description of a
subset of the Hematolony file containiny 235 records used here
for the purpose Qf illustraticn, Note the number of records,
the percentage of fields which have actual data in thery, and the
various validations,
QUERY iiode:
There are five fundanental commands utilized In QUERY mode:
(1) The SELECT command defines a subsct
of the primar& data file by means of selection rules.
(2) The DISPLAY or TYPE command is used to either
dlsplay information on a scope or type out infor-.

mation about the particular subset currently selec-
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ted. ‘Vhen the volume of inforﬁation is lar=e,
however, the display or type action can be trigz-
gered through the text edftor and printing

can now bhe done off-line on a hizh-speed printer.

(3) The RETAIN corunand is used to save the current sub-
set. The resultinz records are usually processecd
again by further selection until the search has been
narroved to the desired information,

(4) The RELEASE command completes the brohsing facility
by allowinz re-initialization of the search to the
entire file. |In later versions of DIRAC this cowmand
will be combined with a subset designation to allow
a hierarchy of ewbedded subsets rather than the
simpler concept of a single filter, as currently
implemented.

(5) The EXTRACT coimmand, similar in forin to the DISPLAY
or TYPE command, transmits specified field informa-
tion through a computational interface with FORTRAN,
The user's own code can then operate along with
DIRAC modules to achieve complex computations that
are not possible within the basic file-oriented
comnands. As a default, the current implementation
generates cross-tabulation of extracted fields and
can be expanded to include stundard ovost-pro-

cessinz for any particular application.

IV. DIRAC - AN EYANPLE
O

If a physician wishes to interrozate the file that

53
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contains a number of bone marrow reports. He mizht want to
obtain the following information:
(1) Determine all those patients whose bone marrow
examinations w2re supervised by 'Ho]f'.
(2) Retain this subset of the total set for further
Investigation.
(3)  Determine from this subset all those persons whose
* gender is female.

(4) Determine from this subset all those persons who

fwty ey DR 4By Sy 2. s

did not have a previous bone marrow taken.

t

(5) Determine from this subset all those persons whose

[ SESEREEY

'

"impression field' contains the word Plasinacytosis.

*

i (6) Determine from this subset all those persons whase
1= bone marrows were taken during the pericd March i9-13,
=" .. (7) Type out on the terminal the fields, 'Name', MarrouwNo',

'Date', and 'lmpression', for those records selected.

This procedure is described as it actually would be done using

i DIRAC in Figure F. MNote that three records were finally

- selected which satisfied all those conditions specified by the

interrogzator,

? . V. COHCLUSIONS & RECO!MIMENDATIONS

An intzmractive storagze, retrieval and dissemination system

o adid
i .

has been developed jointly by the Hematolosy Clinic and the

Information Systeris group at Stanford University. This systemn is

' it

based on a generalized dacta managenment lansuaze, na:aed DIRAC,

(

that allows file creation, updating and interrozation by users

"without previous computer experience.

o4
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Placing the system into operation at our facility required
only the re-traininz of one secretary so that bone marrow
reports could be entered directly from a terminal into main
meilory. Interrogation is done remotely by the physicians
themselves as needed, without ANY prograwner intervention
whatsoever, |

As a result of the use of DIRAC in this work, the physician

.is now provided with essential information at three levels: 1)
The standard clinical diaznosis 2) An improved bone marrow
report, permanently available for checking and editing, 3) A
retrieval and display language capable of answering
uapredictable queries in conversational mode.

This system is now well beyond the prototype stage and is
applied routinely to the administration and analysis of our
clinical information as neQ bone marrow examinations are entered
Into the data~base as well as regords from previous years. The

- system is also of considerable value to the physician in:

(1) developing new mefhods of treatment and diagnosis;

{2) collecting and comparing data on a great variety
of Hematologic diseases;

(3) evaluating effects of new treatment methods on
Hematologic diseases and bone marrow and peripheral
blood morpholozy;

(4) _correlating bone marrow smears with bone marrow

- sections, .
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¥R
Placing him now In a position to make judgements based on up-to-

date statistical data whose acqulisltlon was too time-consuming,

‘too expensive or too complex under previous methods.

o6
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Director CJNTAINS WILF END

227 RECORDS SELECTED
RETAIH
Sex CONTAINS FEHIALE END

RECIORDS SELECTED
Previous CONTAINS N END

o0 |put
(3]
<

53 RECORDs SELECTED
Impression CONTAINS PLASMACYTOSIS END

0 RECORDS SELECTED
Date CONTAINS "3-1!-70" END

RECORDS SELECTED
TYPE Hame liarrowNo Date irpression END

Wi

29
Name SMITH,JudY
Marrowho B70-345
Date 3-11-70

Impression ROULEAUX FORIMATION, TOXIC GRANULATION OF PIN,
: EOSINOPHIL!A, AND PLASMACYTOSIS.

32 ' ' .
Name JONES, JOAN -
Marrowho B70-453
Date 3-13-70

Impression PERIPHERAL THROWBOCYTOPENIA AND ADEQUATE MEGAKARYO-
CYTBS SUGGEST PERIPHERAL REMOVAL MECHANISM, WMYELOID
HYPERPLASIA. EOSINOPHILIA, PLAGMACYTO313, AND IN-
CREASED R.E. CELL IRON. ERYTHROGENESIS APPEARS

DECREASED.,
k5
" Naime [MARK} JANET
Marrowlo B70~-256
Date 3-156-70

lmpression NONDIAGHOSTIC MARROW. PLASMACYTOSIS AND MILD
EJSINOPHILIA, :

Filg. F

o7
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INTERACTIVE CONPUTER MANAGENENT OF CLINICAL DATA:

A HEV APPROACH 1 THE BLOOD BANK

By
Paul Yolf, 1.0,
Herbert R. Ludwig, Ph.D,

Jacques Vallee, Ph.D.
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1. IHTRODUCTION

Recent experience at Stanford University confirms observations
Made at the regional and federal level concerning the ursent need
for the anplication of computer techniques to the automation of
Blood Banks. In view of the rapidly increasing volume of work:
handled hy such a facility, and in views of the expanding list of
services it must provi‘de in a modern hospital, the desien of
computer-based syste1s for the blood bHanls is imperative; recent
experiments in the lUnited States (1,3) and in other countries (2)
point to the feasibility of computerized transfusion services that
provide both rapid identification of donors and hlood inventory
control, as well as other adninistrative services.

The current status of the work in this field was surmarized in
a recent TRAMLSFUSION editorial (1) that noted:

So far donoy characteristics and motivations have
been surveyed and partly analyzad:; the organiza-
tion and managenent of donor groups have been
studied; a forecasting procedure for short-term
blood usase has been proposed: a heuristic allo-
cation model has been developed; several hospitai
Inventory control models have been studied; and

a time-sharing inventory control tracking system
with a single remote terminal is being field
tested. Clearly, a great deal! has been accom-
plished, but even when these projects are com-
pleted, much remains to be done.

The purpose of th!s paper is to present a computer aporoach to
the problem that makes it possible to identify general functions and
to support economically the activities of the Transfusion Center in
a time-sharing environment.

The Stanford Blood Bank, headed by Dr. Paul Wolf, has inlttiated
a research effort leading to a practical model of an autorated
tranfusion center prototype. This research effort has combined the
advanced hardware and software technology availahle at Stanford with
the Hospital's experience in Rlood Bank design. It centers on a
specific aspect of medical iInformation systems design, but leads to
results that will be generally applicable throughout the Clinical

Lahoratory,.

The system under discussion here 1s unique in the sense that it
makes use of a generalized language in the creation, updating and
interrogzation of donor, patient, and blood compnonent files on the
Stanford University Cormiputation Center Facilities, and makes these
files available to medical personnel throtzh a simple yet powerful
set of commands, Use of these techniques developed by the
computation center's Information Systems froup have made it possible
to conceive a system of considerably lower cost than currently
available in other implementations across the nation.
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Figure 1 shows the total units of whnle blood used at Stanford
Hosnital throush the years 1162 - present. ‘lote the tendency of
increased use of units even thnuzh there are neriods of low peaks.
Fven with the advent of better transfusion techniques and devices,
the Yosnital envisions an ever increasing use in whole blood.
Increasaed patient flow, due to the advent of new technolozy and
sreater capacity of the hospitail, will add to this expansion, Thus,
a control syste~ that will sovern the use and allocation of blood
units throuzhout the hospital is a definite need., Along with this
Increase in whole blood use wilt come an increase in the paper load
both for administrative and research purposes,

Hith the introduction of a non=procedural, file oriented system
the above prohlems car be directly confronted and solved., (L) The
"mon-procedural' techrique is characterized here by the ability for
the Ylood hank clerk, the research assistant, medical technolosgist,
or Doctor, to directly interrogate or access a specific file without
programmer intervention.

2. SYSTEMS DES!ANM

The objectives of the project are threefold:

(1) To decrcase the paper volume and paper flow through
the Rlood Bank.
(2) To Pesign an information syst2m which will allow
medical personnel to access the files directly.
(3) To Set up Inventory and Control systems for all units
passing through the Blood Bank.
The system as it existed prior to the design phase is described in
Figure 2, MNote that many of the services performed by the clerks
can easily be performed by the computer: The updating of the
donor cards, the entering of recipient information in the S.U.H.
loghook, etc. Duplication of files also exists Letween the Blood
Accounts Coordinator and the Blood Bank Clerk, The main files in
this system are the Stanford donor file, the reciptent file, and the
two Yozhooks, Stanford University Hospital logbeook and the
Blood-from- Other-Banks Logbook.

Flgure 3 shows how the existing system can be redesigned to
make use of an interactive data-base manazement language. !lote the
throe sequences into which the system has been partitioned: the

-matchinz, inventory, and update sequence, The flow of paper is now

administered internally by the blood bank clerk through the use of
this management system.

Matching Sequence:

As blood units are requested a specific match of particular
components required must be made by the blood bank clerk. The
jarticular conpornents needed are checked off or written on the

Q
h;Bi(hrequest-for—blood" form reccived by the blood bank clerk. Using

IText Provided by ERIC
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TYPED UNITS
1) FROM

STANFORD

"4 INCLUDES AN
’ 1.D. CARD

CROSS MATCH 1}
PATIENTS BLOOD
WITH DONORS ‘

MESSENGER PICKS
UP ELDCD; SIGNS
LOGEQOK, DATE,
TIME

—_————

(ORANCC SLIP)

Page 55

DONOR CARD
PREPARED &
FILED

UNIT SENT TO
BLOOD BANK
WITH UNIT %

BLOOD REPLACED IN BARK

BLOOD BANK CLERK I
RELEASES BLOOD & |
REPLACES ORANGE
SLIP ON ORIGINAL

l REQUEST

ORANGE SLIP:

CHART COPY—=PATIENT
LAB COPY —=FILE BOX
DP COPY — D. PROC.

MATCH {.D, CARD
WITH PHYSICIANS
copy

UPDATE I.D, CARD
WITH RECIPIENT
INFORMATION

LOGOFF ON
B.F.0.B.

BOOK

SEND1.D. CARD &
PHYSICIANS COPY
TO BLOOD ACCTS,
COORDINATOR

| ERIC

Aruitoxt provided by Eic:
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UPDATE DONOR
CARD WITH RECIP-
{ENT INFORMATION

ENTER RECIPIENT
INFO. (UNTT =) I\
S.H.H. LOGBOOK

SEND PHYSICIANS
COPY TO BLOOD
ACCTS. COORD.
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PAﬂEty*

ACCOUNTING |

K VO~—2Z2ML 2™

mr=m

BLOOD RE-
QUIREMENT

="

MATCH
BLOOD
TYFE

iD

P

_DISPLAY PAR-
“AMETERS OF
SELECTED UNIT

TYPE MATCH

1 FEMOVE\}JEN I

ROK IN

| MATCHING SEQUENCE

\

| TORYFILE 10 NvENTOPY
ENTER UNIT | [SEQUENC:E
2| INTOFILE OF
USED BLOOD \
\
\
BLOOD\\_ NO ( UPDATE
RETURNED =11| DONOR
vy FILE
' UPDATE
UPDATE _ ¢ [2| B.F.0.B.
_ SEQUENCE FiLE
RESTCRE TO
PRIOR STATE FINAL
3] REPORT
. EDITOR
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the file mara~nement svoten called DINAC the blood bank clerl:
Interromates the lnventory file to dectermine if a unit exists which
satisfies ‘the "request~for-hlood" forn, If a unit does exist the
particular parameters i question are displayed elther at the
terminal or on a cathode-ray tube scope,

Another very important aspect of the blood bank is the Plasma
proegram usinsg the plasnanheresis procedure., [lasmnanheresis is a
technical orocedure in vihich whole blood is obtained from a donor
and is fractionated Inte multinle bat units. The red blood cells
are riven hacl: to tle donor and the plasma and its components are
kept in the blonod bhonli and fractionalized into different components,
This nprorra insures a areater supply of plasma and its components
since donors can be bled -qore freguently and are not deonleted of
their red cnlls, A tissue tvpinz nrozram has been estahlished in
the liood fank to specifically mateh donors and recipients with
regard to platalets and Cryvoprecipitates. The computer can identify
specifically matched donnrs for recipiants who need repeated
transfusions of nlatelets and Cryoprecipitates. Thus, chances for
survival in the recipient are greatly increased by this type of
progran,

Inventory Sequence:

If the parameters displayed match the '"request-for-blood" form
the hlood hank clerk will instruct a medical technician to rermove
unft number XXXX from inventory (refrigerator), This action will be
refltected in the rermoval of the unit from the inventory file
maintained by DIRAC, The unit number in The unlt number is now "
entered into the file of used blood and remains there until
processed hy the UPDATE sequence,

Those components of blood which appear in the itnventory of the
Stanford Bicod Bank are as follows:

llhole Blood Packed Red Blood Cells

Leukocyte=Poor Blood Platelets

Single Donor Fresh Froz, Plasma Single NDonor Fresh Plasma

Single Donor Factor V1ll-Rich Factor 11X Complex
Cryoprecipitate & AHG Conc. Fibrinogen

fmmune Serum Globulin Rh (D) Vmmune Globulin (Rhogan)

Plasma Substitutes

Undatr Sequence: .

1f the blood is used (transfused) the hlood bank clerk will
update the donor file with information concerning tne recipient of
the blood., |[If the blood which was transfused was received from
another bhtood bank, then this file will be updated with the
recipient information also. A report will be generated which will
be sent to the participatinz blood bank and also internal reoorts
wlll he generated for administrative purposes. I1f the blood was not
Gntdated the blood bank clerk restores the inventory file to prior
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3. FILE DAMAGEUENT UNDER DIRAC

Packground:

The Lansuane described here is the first prototvpe in a family
of informatinn oriented languarcns studies at the Stanford
Comnutation Center, It is non-procodural and demands no previous
computer exoverience on the part of the user, It allows creation,
undating, hookkeeninz operations, and the querying of data files in
conversational ~ode under a time-sharing nonitor on the 13! 360/57,
It Interfaces with the Stanford Text Tditor, UYLBUR (4), and with
the user's own ORTRAN co:dn tvthen cninplex computations or management
renorts on the contents or status of the files are required. (For a
more detailed description of the DIRAC language see reference (5)).

Conversational Interrogation:

Assume that an emergency has presented itself. e are called
upon to locate donors with 0 MEG blood type. The problem for the
blood bank is to find these donors and get them into the hosnital as
fast as possible. A clerk will immediately establish communication
with the computer (at night, a terminal located in a dcctor's
home can be used for this purpose) and the interrogation of the
donor file under the DIRAC system takes place as follows: (where
every line beginning by a colon is typed by the user)

EXAMPLE OF CONVERSATIOMNAL IMTERROGATION USING DIRAC:

¢ Serum CONTAINS O EMD

512 RECORDS SELECTED
¢ RETAIN
:+ RHType CONTAINS MEG END

28 RECORDS SELECTED

: City COMTAINS '"Palo Alto" END .

20 RECORNS SELECTED

: DIFFERENCE (PresentDate - LastDate) > 60 END

183 RECORDS SELECTED
¢ HomePH CONTAINS "326~" EHND

11 RECORDS SELECTED

£1<B:4 TYPE Mame Address City HomePH Bus.PH Serum RUType EMD

67




EXANPLE NF CONVERSATIOMAL IMTERPOGATION USITNG DIRAC: Page 59
{(Continued)

23
Mame Best, John 3.
Address 1721 Hiawatha DOr,
City ‘ Palo Alto
Home DY 326-1789
Bus, P 488-9161
Serun ¢
RYType NEG

55
Mame Smith, Roger D.
Address 275 Fifth Ave.

Figure 5

The field 'Serum' is tested to determine whether or not the
blood type is 0, The resulting 512 records are retained for further
Interrogation. 'RHType' is now tested and 28 records are found to
exist with an RH factor HEG. A successive filtering on each set of
resulting records obtained from each query results in the selection
of 11 records. The purpose of this query was to find all those
persons whose blood type was O NEG, who lived in Palo Alto, who had
not given biood In the last 60 days, and whose home nhone number
started with digits '326-'. \'e can now print out the pertinent
paraneters for these individuals (phone number) and call them to the
hospital to donat: blood.

Qluerying a file In this manner seems hlighly advantageous as
opposed to searching by hand, through a card file. The front and
backslide of the donor information card are shown in Figure 6.
Atterpting to search through a few thousand of these donor cards for
specific hlooad types could become a tedious and highly burdensome
task. Having the ahility to interrogcate this information internally
stored in the computer gives the clerk a freedom that can be applied
to more meaningful tasks.

Management Reports:

Figure 7 is a description of the donor file as it now exists in
prototype form. This is a standard report form which is printed out
by DIRAC at the user's discretion. tlote that the report zives all
vital statistics of the file such as creation date, disposition of
the file, who created the file, and information on its contents, Aas
well as internal records information necessary for updating and
querying the file. The user also has the option of writing other
formats of reports which would be meaningful to him in his work and
then querying the file and selecting the necessary records and
displaying them through this medium. [In other words, the user is

Q@ limited in the data he can display through the various typers of
ERICc interfaces available to him. (Terminal, Scope, and WYLBUR)

o 68



[ J—y

Q

ERIC

Aruitoxt provided by Eic:

69

Ludwig/page 60

STANFORD UNIVERSITY HOSPITAL

Dere BLOOD BANK Dener Number
STANFORD, CALIFORNIA 94305
Home Binh Dare Mines? : Sex
feasm? rasn) [ 1IN 8] .

RAédrase Cirg Home Ph. ___ = =

Date last donetion Na. of donetions in fost 12 mos. —____ Bus. Ph,

Credit 10

.CBR

Successhul bleeding Unsuccesstuol Vhy

Reattion

REMARKS:

“wo. Phiebotomist:

Hementigen: :

Ssrum Grouping Cell Grou,ing RH Typing Serology

Miscell

A}
Technologist: -

Explsstion Dete Recipi : Houpito!
. . . . . L . ——— ——— ene -
L, e . .
L.

. . - * \ °

HISTORY .Domc:.oo you l\n; :nluvc you ever been subject to the following disecses und conditions?
NO YLl NO YES . NO YES PHYIICAL EXAM

Malerio Rheumotic Feaver Dentol Ext. (Lost 72 Hrs ) | reme.

Molerie Arce o Drugs Kidner Diseose Under Physicion Core PuLSE:

Joundice, Liver Diseose. Hepatitis tnfectious Mononucleosis " Medications 8P

Joundice or Hapotiris Contacr Swalling of Feer Immunizotion or Injection = wWEICHTS

Allugins Convuitions, Fointing Soells Sutgery AMT CUB. FOISA
$kin Eczeme, Bails, Dermetitis Unexcloined weiant loss Hospitolization HGB:

Ulcers Shortme s of Brecth Orher jliness within } Yo. culd,
Tudbercvlosis Poin in Chesr Peennency CYANMETH
Disbetes Heort Condition Teongfations )

Harerdous Occvoarion

Recent Cold of Sote Theoot: Venereal Ciseoses

Undulent ar Prolonged Fevers

Persisrent Cough Food or Orink wiihin 4 hes.

Bleeding Tendency

Anv Nclignency Tottoos

@ NCLUDES IMMUNIZATICH TO HUMAN BLCOD CELL ANTIGENS

REMARKS:

0§ bereby centily that | hove been questioned concecning the diseores, i'inesses, sympioms ond other phyticol conditions oppearing on this cord;
thet | have enswered tuthiully concorning goch of the same and ofl suestions esked me end thot | hove never suilered ony of 10id diseoses,
linesses or symproms, except o3 indicered

§ woluntesily ‘donote my blood 1o the STANFORD UNIVERSITY HOSPITAL BLOOD BANK, STANFORD. CALIFORNIA 94035, to be uted o3

decided By the seid Blood Bonk
oll cleims end demends whatsotver which | have oc may hove by reascn of the toking of blood 10 which | hove sibmised or e obout to tubmt,

ond eonsaquences seruling thereiiom. . p

STAVEMENT AND RELEASE

I heseby release the Staniord University Hosputal, its members, agenis, representotives ond employees from

Donor's Signeture

Accepted

Relvred Yhy

M.D. ] —-J i

Flgure 9.
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Interactive Creation & Pevision of Files:

The environment under which the user can create or revise files
or records within files is unique to NIRAC, A typical exa-ple of
the error recovery and revision procedures that DIRAC allowss the
during the creation phase is as follows: (Fizs., 8 & 9)

EXAMPLE OF CREATE MCDE REVISIOM PROCESS

1, FILE HAME
H X990
2, FILE "MESCRIPTION"
"Slood Donors at Stanford Yospital"
3. DISPO ITIO!N (PUSLIC/PRIVATE)

: PUBLIC
EMTER "AUTHORIZED UPDATE USERSY
: Mol £"
v REVISIONS ?
: REVISE 3
3. DISPOSITION (PUBLIC/PRIVATE)
: PRIYATE

ENTER "AUTHOR!ZED QUERY USERS"
"ol f, Downey"

: ENTER "AUTHORIZED UPDATE USERS"
"Wol f Downey"

REVISIONS ?
NONE

Figure 8

DIRAC first asks the user to designate the name of the file he

is creating and to describe it., It then asks the user to

desisnate the disposition of the file, whether it will be public or
private., lhen this section has bern completed the user may discover
that he forgot to specify that the file be kept private and to place
a certain name under "AUTHORIZED UPDATE USERS". Thus, he now has
the option to revise a specific paragraph as shown in the
fYlustration and to enter the name(s) he wishes.

The DIRAC processor contains as a subset a powerful debugging
and recovery system that are not normally apparent to, but remain at
the service of, the on-line user, |If an error !s made either in
tyning or responding with an inappropriate command or an crroneous
value, then the recovery process is triggered as is displayved in
Figure 9,

It must be remembered that during the create phase of DIRAC,
field information for each record is not input into the file. This
¢~ done Adurinz the UPDATE phase. The CREATE phase is solely

]:R\I:ncorned with the structure of the file and the parameters unlch
ammerem ) ot the user to define this structure.,
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EXANMPLE OF GREATE !'00F EPROR RECOVYERY PROCESS IM DIPAC-1

(Con't from previous example)

h. SPEGIAL NOTATION FOR RECORD AND FIELD?

: HOME
S. RECORD LENGTY ?
Lo 512

. REVISIONS ?

: PEVISE 5
5. RECORD LENGTY ?

bouy pEd BN W e

: 257
tr=l . 53°
T LENGTH I'UST BE A PGWER OF 2, FRON
i 16 TO 2048 VIORDS,
5. DRECORD LENGTH ? .
; : 256
4
- REVISIONS ?
. . HONE
] 6. SUPPLY NAME AND "DESCRIPTIGH" FOR ALL TIE FIELDS
@1 ?
: Name '"Mame of Donor"
@337
: Comments ''General Remarks"
a34?
s . END

REVISIONUS ?
HONE
7. SUPPLY DATA TYPE AND MULTIPLICITY
ALPHA SINGLE 31 @3 @4 35 @6 @7 weseceenes
DATE SINGLE 32 @11 @9
INTEGER SINALE 310 312
ALPHA MULTIPLE @15 &30 @33
ALIDATION :
@1 NECESSARY
89 NECESSARY
@30 SUBFIELDS 30
@10 SIZE 5
END

8.

o0 o0 o0 o0 o0 <L ee oo to or

REVISIONS ? )

1 :  NOPE
3 +aw}
m | . PROPER RESPONSE IS EITHER "NONE"™
I - DR "“REVISE"
REVISIONS ?
[ ¢ vouE

. THE FILE HAS BEEN CREATED.
thJ(j ' | ' . Flgure 9
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CoMCLUSION

The problem of transfusion center automation affords medical
personna2l an opnpertunity to anply and evaluate the new software
techniques that are now coming into existence. |t should be
racalled that coputers have been designed with numerical
calculation, rather than information processing in mind. The field
of softivare Aesimn has only besgun to cmerge fron this mathematical
orientation hy making available data-management languages that are
truly user-oriented. ‘/hen conbined with the flexibility of the
time=sharina technique, thnrnse languares are seen to have special
slgnificance in the long-neglected field of medical information
processinna,
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1. INTROMUCTION

The ab!lity to Interrogate files of informatton in a
non-procedural mode has one Alistinct advantage nver a procedural
mode Inquiry: the user need not antic'pate all the quest’ons he
might want to ask of a srpecific file when the file is created. The
user will, of course. have some idea nf the questions he w'shes to
ask, but those éuestions which ecrop up unexpectedly can send the
cost skyrocketing since they usually involve some redesign or
reprogrammling.

The deslign of the form used by the physician to collect his
data must serve two purposes: first, It must be an easy form for the
physician to fl111 out, and second, 't must be set up 'n such a
fashion to make Yeypunching a reliable task. Thus, the design of
the form utilized for the task at hand is crucial and If the design
Is erraneous, then the data fed into the computer w!ll be of no use,
and retrleval will be futlle.

Rather than discussing forms design In an abstract manner, it
Is of interest to consider a specific problem, Such a problem
presented Itself recently at Stanford'Hoﬁpital when the
Radio-Therapy Clinic began to use a computer in Its analysis of 400
patients who have Incurred prostate cancer. patients have been
followed-up for approximately 3-8 years and the data which has been
.amassed In each patient file is considerable. It Is not the object
here to draw conclusion on the study per se (this is being done in
the medical journats), but to present (1) the method by which the
forms for extraction of data from patient record charts were
re-~designed, (2) how the flle has been structured, and (3) the

Implementatlon of thils prostate cancer flle under a ron-procedural
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information retrieval language called DIRAC. (1)

Specifically, to obtain results in this study, various subsets
of recoid information must be retrieved and then correlated either
against time or against each other. To do this by hand is out of
the question. To write a dedicated computer program to retrieve
these subsets and correlate them would solve the problem partially.
However, as stated above, this method 1limits the investigators to
before-the-fact analysis, and provides no procedure by which
statistics and correlations other than those that were predetermined
and programmed can be obtained. Thus, the investigatcr s faced
with a reprogramming task to answer those questions that were not
anticipated. A lYanguage prototype that provides a solution to this
problem by allowing the user to hrowse thrcugh his file

interactively has been tested in this environment.

2. The DIRAC Concept

2.1 Introduction

DIRAC (Date, Integer, Real, Alphanumeric, and Coded), is a
file-oriented retrieval language developed by J. Vallee. During
1970, this language was used for a series of tests on the IBM 360/67
at the Stanford Computation Center. ©DiRAC allows the user to
Interact with his file in a time-share mode. The user can
"converse" with his file in his own terminology after having
"declared" it during creation. He also has the ability to perform
catalogued interrogations, presenting a set of questions to the file
which were predetermined. The former =-- conversational mode --

O lows the user to ask questions of his file which had not been
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anticipated before. The latter -- catalogued mode =- allows him to
rapidly process predetermined queries.

It is not the purpose in this article to describe the DIRAC
language in its entirety. This has been done elsewhere, (2)
However, a brief overview of the language and its baslic concepts is
necessary for those readers who are unfamiliar with file-oriented
languages. The introductory comments on DIRAC will, hopefully, set
the framework by which forms design is discussed in the later
sections of this paper. It must be remembered that with the advent
of these new file-oriented languages, programmer intervention is
minimized. The user must design his forms -- which leads to his
file structure and design -- so that the data can be easily entered
onto the form by the physician, easily keypunched by an operator,

and acceptable to the retrieval system.

2.2 Modes of Cperation

There are four modes of operation in DIRAC =- CREATE, UPDATE,
QUERY, and STATUS. Each mode encompasses a certain set of commands
which enable to user to apply a particular type of strategy on his
file.

2.2.1 The CREATE Mode:
The CREATE mode allows the user to specify the structure of his

file. In this mode the user does not input information into his

flle, he merely sets up the structure for the file. Among the

declarations which the user is instructed to specifv are the

following:

' 78
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File Name
Flle Description
Flle Status (PUBL!C or PRIVATE?)

Authorized QUERY Users
Authorized UPDATE Users

Max imum Record Length

-

Record & Field Delimiters

iy bwosw SR EEEY e

Field Name & Description

e wririsg

Type designation (Alpha, Integer, etc.)
Field specification (Stngle or Multiple?)

Validatlons:

Field Size
Number of Subfields
Necessary condlition

[pome——
. ’

i The user is prompted for each one of the above. Once he has
answered correctly to all prompts and !s saticsfied ;hat no revisions

should be made the file will have been created.

| 2.2.2 The UPDATE Mode:
The UPDATE mode allows the user to add, delete, or replace

L record or field Information within his flle. Thus, it is in this
1 mode that the user "fills" his {ile up with Information. The user

has the option to either update his file from a terminal or through

K ~an interface with a text-editor. In the particular test: we
describe, DIRAC was interfaced with an excellent text-editing
l Alanguage named WYLBUR, developed by J. Borgelt, (3) |If the latter
I is used whole files can be updated by one single command. (Thls Is
. known as a catalogued update procedure where all the data necessary

i " for update is stored In some data set by the computer and is

©  accessed by DIRAC upon the user's command.)
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2.2.3 The QUERY Mode:

This mode allows th» user to interrogate his file and retrieve

selected records. There are six basic selection commands:

(1)

(2)

(3)

()

(5)

(6)

The CONTAINS Command:

EXAMPLE: @1 CONTAINS “H R DAVIS' END

(Field 1 contains the text '"H R Davis")

>.<,=, (or comhination)

EXAMPLE: @3> 'VALUE' END

(Field 3 is greater than some 'VALUE')

RETAIN: Retains a selected set of records

for further processing by selection commands.
Each successive set of records selected is
retained once this commands has been executed.
Allows for.a filtering down process.

RELEASE: Releases selection procecs to whole
file.

TYPE or DI!SPLAY Command: Allows user to either
print selected Information at terminal, cathode
ray tube scope, or on high speed printer.
EXTRACT Command: Allows the user to extract
field information from the whole set or subset
of records in the file. The iInformation is
transferred to a user area where i can be
processed by user-supplied statistical packages.
programs through thé use of the DIRAC inter-

face capability.
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2.2.4%4 The STATUS Mode:

This mode prints out the status of the user's file when
needed., |t describes in detail all file parameters, including
file name, description, file creator, date created, etc. It also
describés the file in detail giving field names and descriptions,
whethev each field is singular or multiple, alpha, real, integer,
etc, and the various validations Imposed by the user on his
fields. (An example of a STATUS report is shown in section 4.1,

Figure 6)

3. FORMS DESIGN FOR PROSTATE CANCER FILE

3.1 |Initial Design

When the prostate cancer study was in its infancy the forms
deslgn.aspect of the study did nqt appear to be critical to the
physiclans, who were going to have a dedicated procedural program
(written In PL/1) to retrieve the answers and compile statistics.
An initial form was deslgned.whlch was thought suitable for what
they had tn mind, This form was dquite lengthy and, therefore,
only parts of it will be displayed In this paper in order to

conserve space. However, the physiclans also realized that if a

procedure was programmed to obtain answers to specific questlons,

then unanticlipated questions would go unanswered. As they could
not possibly anticlpate all the questions which they might want
to ask ..f the file the initial project was abandoned and the

Information Systems group, working on a DIRAC prototype, was
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contacted. The physicians rezlized that the data they were
collecting for the study might not he In the correct form required
by DIRAC. Therefore, we analyzed and redesigned the form so that
it could be easily handled by the Physician collecting the data,
the terminal operator who would Input the data into a WYLRUR data
set and DIRAC.

The following objectives were defined:

(1) Design the form so that the physician can
easily understand and fill out the form.
(2) Design the form so.that the operator
can easily type the entries with the least
amount of frustration and with a minimum
amount of spectal instructions.
(3) Design the form so as not to mix the types of field

data.

The first objective meant that the physician should be relieved
of the time consuming task of skipping from page to page in a
random fashion entering data. A logical sequence shduld be
followed. The physician should only be required to mark off
multiple choice entries. In only a few cases, where it was
absolutely necessary, should he have to write text. Also an
indication should be given to the physician that alerts him to
speciflc field Information that Is 'NECESSARY' i.e., those fields
which have to be Included in the file, otherwise DIRAC would reject
the record upon Iinput.

The second objective was decided upon because a study of this
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importance could not have erroneous data. Therefore, the ease by

which data could be transferred from the design form to a WYLBUR
Data Set was a major consideration. Since most of the entries were
marklng off some type of code letter it would be very difficult to
verify each entry. Some flagrant keypunch errors could probably be
caught,.however, for the most part. each separate form could not be
re-checked agafnst the keypunched Jdata for accuracy. This task
would just be too time-consuming. Aligning the entries of the form
answers in such a manner sc that the keypuncher's eyes would not
have to skip around the page, either up or down, or in some zig-zag
fashion was the ultimate goal.

It was felt that if a sultable combination of the ahove two
objectives were obtained then the routine of extracting the data
from patient records to a WYLBUR data set would be a relatively
simple task. The process by which this was accomplished is shown in
Figure 1, which Is a systems flow-chart of the task. Note the
feedback loop for field entries which were either punched wrong or
written wrong by the physican filling out the form. This type of
error recovery was accomplished by a prdcessor (written in FORTRAN)
that would edit the keypunched data and manipulate the data into the
correct form and sequence for input into DIRAC. If an error
occurred (a recognizer was written Into this processor to do this)

whlich was not an obvious keypunching error the orlginal design form

‘would be re-routed back to the physician who filléd it out for

~

rectification. Of course, the whole form would not be keypunched

agaln. Only the portion (usually just a field entry) would be
corrected by using the WYLBUR text?edltlng commands. Thus, this

simple cycle would lead to reliable data for input into DIRAC.
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3,2 Examples of Redesign

3.2.1 Separating Mixed Mode Entrles:

Figure 2 (A,B, & C) Is an example of three sections of the

original form as designed by the medical personnel. Nne record
conslsts of 170 fields. !t was "nsatisfactorv for the follow'ng
reasons:

(1Y The "IRAC nrdtntvoe rould not handle more than 80 fieild
specifications. Although this constraint could he
changed, it was felt that this limit was a reasonable
one that should he'sufficient even for complex files,
The initfally large number of fields was seen as an
Indication that the orohlem had beern insufficient’y
analyzed, and this assumption proved correct.

(2) Certain field entries contained mixed mode data. This
can he tolerated py DIRAC. but it makes retrieval vary
cumbersome. NIRAC nrovides speciflc sets of commands
by which the different tynes of data (Date, !nteger,
Real, Alpha, or Cnded! can be retrieved or selected.
(See Nbjective 3)

Note @9 in Figure 2A (where '@' is the field delimiter). This
fleld contains codes as well as an Integer number describing

"DURATION'. Thus, if the symptom 'PROSTATISM' occurred with the

. signs of "DRIBBLING' and 'NOCTURIA', and the duration for these were

:5 and 8 months respectively, the code reoresentatfon would be

YACF12'. Now, if the physican wished to retrieve all those patients
which showed the symptom of 'PROSTATISM' and the sign of

'DRIBBLING', with a duration of 6-11 months, an error would occur

.since the above-described entries would be retrieved: It contains

" the codes A,C, and 2 . It must be polnted out here that the '2'
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SYMNPTCNS £ SIGNS

- —— > g—— ————

Codz2s fer furaticn:
1 0 - % Henths
2 6- 11 "
3 12- 17 "
a > 14 n
5 %o Irformation
23 RSYYETC¥ATTC (A3)
4 Yes
8 YNo
C N9 Iaforra<ion
39  PROSTATISY (ASY (DHEATICN FDPOM
R Yes :
R No
C Critbling
D Obstructioa
% Hasitancy
F Nccturia
G Hematosparnia
- ki Hematuria
I %o Informa+tion
DURATICY ____ —
© 210 LCCAL ANRL TAIN(AS)
. A Yes . e e
B No
C No Inforration
DURATION ______
212 SENSATION OF MASS(AS)
: A Yes
B ‘No
C No Information .
DUPATICY ___ __ o
© @33 BONE PAIN < 1 YRAPR(AS)
: A Yes
B Mo - oDl
C Cervical Spine
D Thoracic Svine .
E Luxkar Spine .
P Pelvis
G Other _________. .
H Yo Information
DURATICY ___ ——
o914 1ST SYNPTCY & INTERVAL{AS)
' A Prastatisn : .
R lecal Anal Pain
C Perinecal Fain
D Sensation »Af Yass °
" E Bofe Fain
DURATION

Figure 2A

1ST 2X)
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code belongs with the duration of the HOCTURIA sign. Figure 3 !'s a
redesign of this whole section, 'SYMPTOMS & SIGNS™. Note that ffeld
10, which is called duration, Is now a multiple field, f.e., a field
with subfields. Note also how the various field entries describing
symptoms and signs were categorlized Into one multiple field, @9.
Thus, @9(1) Is connected to (B10(1): 'DRIBBLING' is related to
duration of 'DRIBBLING'. The difference In mode Is now retained,
and retrieval can be accomplished without complication. If the
physician wishes to retrieve all those patients who had 'DRIBBLING'
for 8 months he can specificaliy test @9(2) for an YA' and @10(2)
fof an '8' . (Example of retrieval commands and procedure are glven
In the next section) Note the alignment of entries In columns so
that the keypuncher can easlly select the correct entry to be
punched. Also, the old form utilized seven flelds for this section
and mixed modes (@8 - @13). The redesigned section utilizes only
two flelds (Q9,@10). and 1t clearly separates coded from integer
values. (DRIBBLING from DURATION)
3.2.2 Combining Entries:
Another example of redeslign Is shown by the transition of.

Flgure 2B to Flgure 4., This particular example demonstrates how

~related fields can be combined In such a way as to retain their

Individual significance and complete meaning. Sections headed

SFAMILY HISTORY' and 'PAST MEDICAL HISTORY' are the cases In point.

Note that €24 - @35 are used for these entrles (Flgure 2B). Note

also the duptication of certain fields under each of these sections,

e.g., B24-@27 are similar to @28-0331 respectively. Instead of

duplicating these flelds the deslign should attempt to place them in
such a way that one heading suffices for both entries. Thus, snace

wlll be saved on the form and number of fields wll1l be decreased,



Ludwlg/page 81

kR PRE RX #we

. ' 9 -= SYMPTOMS & SIGNS «==- Duration
) . 10

C0mit 9(2) - 9(7) if 9{(1) is Y

(1)__Asymptonatic Y N

(2) Prostatism:
Dribbling
Obstruction
Hesistancy
Nocturia
Hematospermia
Hematuria
Dysuria
Frequency
Decreased Stream
Urgency
No

e it taletateteYelale!
2 =i (D OO N TN W& NN
2 O A A Nl Nl e N S S e

N

|

ZC =T OTMMOO >

(3) Llocal Anal_Pain:
{4) Perineal Pain: M (13)
{5) Sen.ation of Mass: U (14)
{6) Bone Pain (< 1°Yr) (15)
Cervical Spine
Thoracic "
R Lumbar "
I A Pelvis
' . Other
. None

N (12)

<|<|<

ZMOO ™D

(7) Other: . (16)

(8) 1st Symptom:
. . Prostatism:
. Local Anal Paln
Perineal Pain
_ Sensation of Mass
. A . ' Bone Pain

: None

Z2mMmMOoOOoo>

. == HORMONE STATUS =~

11 Status - Pre Rx

(1) Castration §
{2) Estrogen (start) Y
(3) " (Stop) Y

zZ2Z

12 Dates:

(1) Ccastration
(2) Estrogen (start)
(3) " (stop)

13 Estrogen (Type):

Stllbesterol

Tace
Cytoproteroneacetate
No

Z03>,

Figure 3.
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i 14 FAMILY HISTORY 15 PAST MED, HISTORY
{1) Carcinoma Y N "”*'*Fkli"v'_TT
H {2) ASHD Y N (2){ Y N
| (3) ASCVD Y N ()Y N
(4) CA Type: 4)
i‘ Rect., Surgery (6)] Y N
oo ‘ Prostatitis (7)Y N
o Colitis (8){ Y N
. o Impotency (9)] Y N
]_ ' Hormone Dep. Tumors: ’
(5) Breast A (5) A
L Kidney B B
! . : Prostate c c
None N N
i. == ROENGTEN STUDIES --
I3 16(1)__1VP Date: (Pre Rx)
' 17(1) jvP: (Pre Rx)
Normal A
Displaced R Ureter B
Displaced L " c
. Obst, Uropathy D
. " Prostatic-Enlargement E
: Bladder Invasion F
Bony Mets G
Other: H
Not Performed N
18 Pre Rx: 19 Date
(1) Chest X-Ray - p1ed1)
' . Normal _ - A
Parenchymal Hets B
: 3 Mediastinal Mets Cc
| : ) : Bony Mets )
- - . Abn. Other: E
. Not Performed N
tiver Scan 19(2)
Braln Scan 19(3)
f 20 Scans: , (1) ULiver - (2) Brailn
) . Hormal ' A A
7 Abn. with Mets : B B
f . : Abn, other c c
4 - - Not Performed N N
; (3) Other (remarks):
- 21 ' -== LABORATORY -- (Pre Rx)
T . a . Normal Abnormal
o . (1) Acld Phosphat.: No Estro, A B -
- . ‘ {2) " " On Y A B
o ) {5) Alk. Phosphatase - Pre R A B

Figure 4.
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with corresponding savings In storage. 'FAMILY HISTORY' is a field
of five subfields whereas 'PAST MEDICAL H4ISTORY' is a fleld of nine
suhfields, Note how the columns are aligned for each entry. Thus,
the physician as well as the operator should have no trouble in
fllling out and keypunching the data respectively. The physician's
pencil need not wander around the page secking a place to enter the
data. The operator's eyes need not wander around the form searching
for the next entry, but just follows a downward path to the bottom
of the page.
3.2.3 Reorganization & Condensing:
The study had within its scope'a 'PRE RX' section and a 'POST

RX' section, i.e., Pre treatment vs. Post treatment. Since the
record of these treatments would aopear in different sections of the
patients record chart they would have to appeér in different parts
of the form to keep In line with objectlive (2) -- keeping
chronologlical order throughout the.form i1f possible even though such
a structure placed serlous constraints on the complexity of the
DIRAC Input processor. The old form.divided all sections into
single flelds (no subfields), In the redesigned form, sectfons
which were exactly -similar except that one was 'PRE' and the other
*POST' were designated as multiple fields. thus, continuity of
fteld designation was accomplished throughout the form, Figure 5A
Is a description of the 'BONES' secfion of the new form, @22(1) -
@36(1). OM the old form, Flgure 2C, the 'BOMES' section was
described by field entries 50-64 for PRE and 65-93 for POST. !lote
now the POST séction In Flgure 5B, It Is exactly similar except for
the subfield number notation, '2'. In other words, subfield '1'

- g'=slignates "PRE', while subfield '2' deslignates 'POST', The abllity

§ £]{U: deélgnate similar flelds as a subfield structure in different

Full Tt Provided by ERIC.




Ludwig/page 34

33

==~ BONES =--

7y Most Rec., Dx fvaluation (Pre Rx):

. . ' (? = Equliv.,)

tve A+ -« 2
Reglional x-ray B + « 7
Chest " C + « 7
Bone Survey D + -« ¢
Bone Scan E + - 7
Not Performed N :

) Codes for Bone Studies: T T T

Bone Analysis: Pre Rx

23(1) lonz Bones

- |24(1) Cervical Spine

- 25(1) Thoracic Spine
26(1) Lumbar Spine
27(1) Sacrum

28(1) R Innominate Bone
28(1) 1t Innominate Bone
30(1) Publs

31(1) R ium

32(1) L 1ium

: L * |33(1) Bony Pelvis-other
: _ 134 (1)  Skull
: . 35(1) Ribs

36(1) Bones = other

-< DIAGNOSIS --

37 Date:

38(1) Dx Method:

Transrectal Needle Bx
Transperineal " "
1 Open

. . Needle Bx Unk. Type

) Retropubic Prostatect
RAD " n
RAD Perineal %
Asplration Bx
TUR
No

DX LOMMTIORD

38¢2) Tur. - Pre Rx Dx Méthodi

< 25% A
25 - 50% B
> 50% c
Reason for Bx:
38(3) Obstructive Symptoms Y N T
38(k4) Abn. Prostate Gland Y N

Figure 5A. o o
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*e¢  PDST RX waw {Con't)

- == BONES «=
* . 22(2) Most Rc, Dx Evaluation (Post Rx):
(? = Equiv.)

1vp A+ - 2
Reglonal X-Ray B + - ?
Chest cC + - 2?2
Bone Survey D + - ?
" ’ Bone Scan E + - 7

Mone N

Y

Codes for Bone Studies: T l T

23(2) Long Bones
24(2) Cervical Spine
25(2) Thoracic Spine
26(2) Lumbar Spine
27(2) Sacrum .
28{2) R Innominate Bone:
- . 29(2) L Innominate Bone:
30(2) Pubis

31(2) R Nium

32(2) L 1tium

33(2) Bony Pelvis-other
34(2) Skull :

- 35(2) Ribs

36(2) Bones - other

* |53 Bony Mets: [[Omit (1) - (L) If 22(2) is
Negative or No Information

{1) Lytic

A

Btastlic . 8

§ : A&B c

. : : None N ]

(2) Painful A

Non=-painfut B

No Bony Mets N

. Paln Remission:
(3) Estroren Rx Y N
- . [4)  X-Ray Rx . Y N
451 Lymph Nodes - Post Rx:
. Ctin. Bx
{(Equiv., = ?) . (3) (4)

i R. S/¢C A+ ? A+ ?
L. 8/C B+ ? B+ ?
° Inguinal C+? C+ 7
R. lliac D+ 2 D+ 7
L. Nlac E+ ? E+ ?
. R. Pan F+? F +?
L. Pan |G + 7 G + 7

None N N

o ) oo . ' Figure 5B.
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narts of the form enables the user to keep the continuity of his
file throughout the entire form, Instead of giving a field number to
every entry of the form., This cuts down the numher of separate
fields and helps in the retrieval aspects as shown in the next

section.

3.3 General Rules for Forms Nesign
| 3.3.1 Determine type of answers you want, l.e., codes,
integers, real numbers. text, etc.

3.3.2 Align fields for easy reading, marking, and key-
punching.

3.3.3 Place "sim'lar" pieces of information together
whenever possible, making that field multiple,

3.3.4 Keep field designations to minimum.

3.3.5 Do not mix entries, e.g., Do not set up a field
which can be both integer and DATE,.

3.3.6 Keeping the number of pages to minimum is, of
course, importaﬁt; however, make the form pleasing
to the eye so that It separates itself lnto ob-
vious sections, and the user does not have diffi-

culty deciding where boundarles occur.

b. USING THE PROSTATE CANCER FILE

.1 File Structure & STATUS Report

Flgure 6 Is a STATUS report for the prostate cancer file
4,generated by DIRAC. . Note that the total file structure is described
by this report, Each fleld is ldentified by name and description, as
well as type (ALPHA, INTEGER, etc.) and multiplicity (SINGLE or
4.MULTIPLE). Note also the various validétion features which are
GDresented such as the NECESSARY, SIZE, and SUBFIELD validations.

ERIC 95

IToxt Provided by ERI
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T STAUFORD UCHIVELSITY STATUS KREPCKT FCR FILE 1400 (CLASS 1) LALGUAGE: |
: COIMPUTATION CEXTER b/cv/1970 ' DIRAC-1A |
1
= DESCRIPTION : Flle of Prostate Caincer Patlents |
1
| CREATION CATE 3 25/0CT/1170 1= TYPE FILE NANE : Prostate ]
1 RECORY LOTATION : $I$ 2 = LULTIPLICITY FILE CREATED #Y @ RAY 1
I F1ELO NCTATION ¢ GF 3 = INDEXI1G KECORD LENGTH ¢ 1024 1
| DISPOSITION : PURLIC 4 = CODE RECIDENCE n0.OF FIELDS : GS I
| %0. OF RECORDS ¢ 343 S = CODEL TYPE LATEST UPOATE G ¢ 25/0CT/1370 ]
i |
:FIELD IOERTIFYIYCATION, STATIST1HLCS AND VALIDATION ITNFORLATIION |
i
| STCFRAGE VALIDATIOUS STATISTICS EXISTENCE |
| FLD RANE DESCRIPTION 1 2 3 4 5 HEC. SIZE SuB. SIZE DCEC. SutC. REC. PCT |
| - —~
| 1 tame Patlent's Mame A S 0 YES 0 0 22 0 0 343 100.02%
I 2 3ule Stanford University Hosp. No. A S 0 YES 0 0 8 0 0 343 100.00% |
| 3 Ffirthdate D S 0 0 0 11 0 0 343 100.005 |
4 Race A S 0 0 0 9 0 0 341 92.42% |
. 5 Physician Referral Physiclan A S 0 0 0 29 0 0 338 98.543 |
6 Address A S 0 0 0 56 0 0 338 97.67% |
7 Phone A S 0 0 0 12 0 0 113 35,405 |
8§ DTl Flest Visit DT D S 0 YES "0 0 11 0 0 363 103.00%
9 Symptoms Symptons % Signs A " 0 0 0 24 0 8 362 93.71%5 |
10 Durl Dur of Symptoms & Signs I " 0 0 0 3 0 16 275 8C.175 |
1} Status Horrone Status A M 0 0 0 36 0 7 322 95.88% |
12 D72 Hormone DTs D n 0 0 0 11 0 3 147 L2.8C% |
13 Estroren Estroren Type A S 0 0 0 2 0 0 297 85.59% i
1 14 Family Family Histnry A M 0 0 -0 31 0 S 260. 75 s0% |
| 15 Pasc pPast Hedical History A N 0 0 0 39 0 9 331 6.505 |
| 16 DT3 IVP DT ( Pre Rx ) D M 0 0 0 11 0 2 266 -77 55% |
17 vp 1VP - Roengten Studles A 4] 0 0 0 51 0 2 339. 9¢. 83. |
18 Chest . Chest X-Ray A M 0 0 0 35 0 13 350  93.15% |
19 DTH DTs - Chest, Liver, Srain D M 0 0. 0 11 0 4 280 §1.63%5 |
20 Scans Liver & Brain Scans A M 0 0 . 0 1 0 S 340 99.13% |
21 Labnratory Laboratory - Pre Rx A 1" 0 0 0 25 0 9 2387 83.67% 1
22 Recent ¥ost Rec. Nx Evaluation A1 0 0 0 10 0 2 342 9. 71' 1
23 Llonz Long, Bones A 0 0. 0 8 0 2 20 5.85% |
24 Cervical Cervical 3pine A N 0 0 0 8 0 2 19 5.54% |
25 Thoracic Thoracic 3pine A U 0 0 0 8 0 2 51 J.ouf; o
26 Lumbar Lumbar Splne At 0 s = 0: -0 16 0 2 59 17.23% |
27 Sacrum Sacrun v A M 0 -- ‘ 0 - 0 L 0 2 41 11.95% |
28 Rinnoninate R. Innominate Bone AN 0 0 0 8 0 2 35 10.20% |
29 Llinnonminate L. Innoninate Gone A N 0 0 0 M 0 2 36 18.50% |
30 Pubis Publs A 1 0 0 0 H 0 2 34 3.91% |
31  Skull Skull A M 0 0 0 8 0 2 33 1l.02% 1
32 Rillum R. llum A M 0 0 0 14 0 2 37 10.79% |
33 Liliun L. [Hlum A n 0 0 0 24 0 2 M 8.165 |
34 Ribs Ribs A v 0 0 0 8 0 2 15 4375 1
35 Pelvis Bony Pelvis-other A 1 0 0 0 8 0 2 24 7,00% 1
36 Bones Bones - other A 4 0 0 0 16 0 2 17 L.9C% |
37 DTS Dlarnosls DT D S 0 0 0 11 0 0 330 95.21% |
38 "liethod Dx Hethod A N 0 0 0 19 0 8 361 99.452% |
39 Cardiovascular Physical Examinatlon AN 0 0 0 11 0 3 350 92.15% |
80 GU GU-Prostate, Phys. Exam. A N 0 0 0 24 0 11 ;hg 32;3, :
81 Lymph L h Nodes A N 0 0 0 11 0 4 3 .50¢
A2 Ler Lag Edems A ioo o o 3 0 3 331 2t |
83 Stagling Staring Sumary A M 0 0 ] 8 0 S 342 32.71% |
| 44 PreviousRx Previous Rx A s 0 0 0 30 0 0 330 96.215 |
§ 45 Therapeutlc Therapeutic Pian A NN 0 0 0 39 0 3 335 98.54% |
| 46 PRladder Bladder Infeccion A K 0 0 0 3 0 2 329 95.92% |
&7 Histopathology Histopathology A N 0 0 0 32 0 11 339 98.83% |
48 Radiatlon Radiation A M 0 0 0 26 -0 13 333 97.00% |
49 . Area Area in Ci4 ] 2] 0 0 0 4 0 6 323 94.17% 1}
S0 D76 DT of 1st Rx D S 0 0 0 11 0 0 321 93.59% |
sl D17 DT of Last Rx D S 0 0 0 11 0 0 326 33.2%% |
52 Slze Slze of Gland A 2] 0 0 0 1 0 2 315 9l.34% |
53 EBonyMets Bony Mets A Nt 0 0 0 2 0 4 84 24.43% |
54 Sur2 Ler, Edema Dur A 1 0 0 0 2 0 3 15 4375
55 Comblicatoin Complications A 0 0 0 o5 0 13 315 91.84% |
{ 56 Durl Dur of Complicatlons I n 0 0 0 3 n 12 191 53.63% |
} 57 inpotency ‘' 1mpotency A S 0 0 0 24 0 0 113 32.94% |
S8 DT8 DT of Last Follow Up D S 0 0 0 11 0 0 319 93.20% |
- 59 Follovy Follow~Up Status AN 0 0 0 38 0 13 329 95.925 |
€0 Faliure First Fallure A S 0 0 0 1 0 -0 300 E7.663 |
61 DT9 . DT of Flirst Fallure D 5 0 .0 1] 11 0 0 106 38.32% |
62 Site Slte A n 0 0 0 18 0 9 103 31.47% |
1 63 D710 DT of Llver lets D s 0 0 0 11 0 0 3 0.373 |
} G4 FallureRx Rx of Fallures A S 0 0 0 8 0 0 -232 67.04% |
65 Autopsy Autopsy A K 0 0 0 35 0 7 298 86.38% |
66 ' DT11 DT of Braln Mets D S 0 0 0 11 0 0 17 i.’)[z} 1
" 67 Remarks Gencral Covrtents A S 0 0 0 14 0 0 126 36.73% |
} 68 Cauze Cause of Death A S -0 0 0 926 0 0 73 21.28%
EMC , Figure 6.

Aruitoxt provided by Eic:
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Should any validation criterion be violated by the input data, a
warning would be issued and a recovery process triggered. Also, the

status of all field entrles is shown In the last few columns. It is

‘this status report which is used by the physician as a gu'de when he

wishes to query the file.

4.2 Interrozating the Prostate Cancer Flle

4.2.1 C=talogued Interrogations:

If the physician knows exactly what questions he wants to ask
of hls file on a routine bhasis (for example, to generate a weekly
report on the list of patients with certain characteristics) then
there is no need for him to sit at the terminal and spend time
typing them. He might as well input the questions into a WYLBUR
DATA SET, and then let the DATA SET drive DIRAC. f.e., have DIRAC
recelve its commands from the text-editor. Figure 7 is a
description of this process by which catalogued interrogations
stored under a text-editor can bg used to drive a data-base
management language in a way which is, to the best of our knowledge,
unique to the DIRAC language.

CATALOGUED INTERROGATION
(1ines beginning with a colon contain the user's response)

NAME OF USER

: RAY
EXECUTION MODE

: QUERY
NAME OF FILE

: M300
INTERFACE

: WYLBUR

YOU CAN NOW.DES'GNATE A NEW EXECUTION MODE OR

TYPE AN EXCLAMATION POINT FOR EXIT FROM DIRAC
» : L :
EXIT FROM DIRAC

Figure 7.
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The name of the user, execution mode, and file name are all
requested by DIRAC. The next prompt asks the user to designate
whether or not the file will be queried from WYLBUR or from the
terminal. Figure 8 Is a partial description of the types of
commands which might be stored in WYLBUR. As these questions or
commands are executed by DIRAC the answers will be printed out at

the terminal. This process is described in the next section.

WYLBUR DATA SET OF CATALOGUED QUERIES

SELECT ALL

@9(2) CONTAINS AGI £ND

@10(2) < 5 END

@10(7) < 3 AND @10(9) < 6 END
@16(1) < 1968 END

@18(1) CONTAINS A END

TYPE Name Birthdate Physican END

Figure 8.

4.2.2 conversational Interrogations:
For those questions which cannot be anticipated or catalogued
such as the previous section described then the user will want to

set at the terminal himself and ask questions as they come to his

" mind. Flgure 9 Is an example of this type of query mode.

98




CONVERSATIONAL INTERROGAT'!'ON US!NG DIRAC

: SELECT ALL

785 RECORDS SELECTED
: RETAIN

: @9(2) CONTAINS AG! END

43 RECORDS SELECTED
@10(2) < 5 END

26 RECORDS SELECTED
@10(7) < 3 AND Q@10(9) < L END

11 RECORDS SELECTED
@16(1) < 1965 END

4 RECORDS SELECTED

@18(1) CONTAINS A END

2 RECORDS SELECTED

TYPE Name Birthdate Physiclian END

203
Name John Smith
Birthdate 10-9-39
Physician Watson

368
Name Joan Marshall
Birthdate 1-14-34 '
Physiclan Farmer

RELEASE

Figure 9.
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5. CONCLUSIONS AND RECOMMENDATIONS

The problem of Informatlion retrieval has been with us for a
long time, The classlical method of solving the problem for a
given application has always been to write a procedural program.
However, with the new data-management languages the user need not
be concerned with anticlipating every slingle question he wlishes to
ask of a specific file. He need only collect hls data and input
this data correctly into the computer; then he can retrieve
information regarding those questlons which He already had anti-
cfpated, but he can also ask an unpredicted one without re-desizn
or re=praogramming. Thus, the design and use of forms by which
Information Is collected, organized, and input Intc the computer
becomes critical. 1In this paper we have tried to show how thls

problem was approached and solved in a specific application.
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Prohlem Nescription

The previous article entitled "Forms Nesizgn in lledical
Information Retrteval, has reviewed the problem of data acquisition
and the creation of a cancer research file suitable for interactive
inquiry, The present report will describhe in detail the technigues
that have been used to convert the raw data into a form acceptahle
to the NIRAC update nrocessor, and to extract specialized
statistical information through an interface between DIRAC and
FNPTRAMY,

Figure 1 Is a general diagram of the data flow through the

entire system.

Initlal Innut Pre-Processor

The form utilized to collect the data on the prostate cancer
patients was designed for the convenience of the physician and the
keypunch operator =-- The former readfng the patient record charts and
transcribing Information onto the form; the latter transcrihing the
information on the form into a “WYLBUR DATA SET. (1) Thus once the
Aata was entered Into VWYLBUR, it was not in correct order for input
into the DIRAC file system. A pre=-processor was written in FORTRAN
which re-arranged the data in propér order and checked for obvious

errors. A description of the pre-processor is given in Flgure 2,

~Interface Specifications

This section describes the statlstical subroutines that
generate survival rates and a Berkson-Gage table for selected
suhsnts of the prostate cancer file. These subroutines are
interfaced with modules of the DIRAC data-bhase management system and

operate on Information retrieved by the DIRAC 'selection' cormands

103
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GENERAL DATA FLOW

boseg bemms  SEmeE SEEN

Patient Coded
ReCOX‘d Form
d p—
Reading & - Key-
Coding by ~__ X » NEYy" -
Physician X Punching
/\X\J
A
Pre-
Processor
DIRAC ' Update
Update File
Module
Query | Interface - | User Sup-
Module *1 Module * plied FOR~
‘ . TRAN Code
- 4 , queries
1 ‘ )
o Answers

Remote

1 Terminal
I

Physician

Figure 1.
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GENERAL FLOWCHART OF PRE-PROCESSOR

Start

l

Is
Ath C";r. =b

Read 1 Line of
wDS

Decode Cnd
Chr, to Integer
Representation

Decode 20nd &
3td Che, To
Integer Repres.

Store Line As
String in
ITEMP

L

Store Contents

Of Line in Pro-

per Location -
(IARRAY)

Print All 20
Records lnto
© WDS

Relnitl_a! ize

Save 2nd Line
of Record Field
(JARRAY)

ERIC
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Write Remaining
Records into
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from file M300.

Two application-oriented subroutines (S1 and $2) are involved
in this interaction. Their general organlzation is shown on Filgures
3 and 4. The main purpose of these FORTRAN-coded routines was to
perform survival rate calculations in accordance with the standard
statistical presentation of Cancer Staging and End Results.

Such a standard was developed by a special American Cancer
Committee formed in January 1959, whose conclusions are contained in
a booklet Issued in July, 1963. It involved certain calulations
that cannot be expected to be included as a subset of a language
l1ike DIRAC. Rather, i1t is of inte}est to observe how DIRAC can be
interfaced with the modules we have mentioned, whose flow-charts are
given as Figures 3 and 4. Calls to these modules are triggered by

an EXTRACT command, as shown in the following examples,

Conversational lnquiry

Figure 5 shows an actual interrogation of M300 from the
terminal. The researcher was interested in the following subsets:
The search has been restricted to patients with cancer llﬁfted to
the prostate giand. For how many of these does the field "Failure"
contain a Yes ? This question yields fourteen records. For this
subset we generate survival rates and a statistical table.

We then continue with the DIRAC interrogation and we ask how
many patients have disease limited to the gland and increased acid
phosphatase: four patients are found. Golng back to the whole
file, we continue the search by selecting patients born between 1910
and 1920, etc.

ERIC 106
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call
parameter

positive

Convert dates to
number of days
since 1900.00

negative

l

Initialization of
counters and
computation areas

~ Take difference

between date of
first treatment
and date of last
follow-up

l

Corpute index
of interval, LS

l

Increment
"number alive"
by 1 for inter-
vals 1 to LS

exists

consult
follow-up
status

does not

exist

- yes
Inconsistenc Increment
in status y Return number
"dead"
no
Compare last
follow-up date
with Sept. 1,
1968,
Before 7>—Y&5 ol
no Lost to
. follow=-up
Increment l
number of
patients alive Increment
cumulative
] number lost
Return |
Return

Figure 3. General Flow-Chart, Module S-1
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"Computation of survival rates"

1
SetD4 =1
NPS =1

l

Initialize percentages
alive, dead

l

!“. _ g . .—» - — _—_——— ——

»| Compute number of patients
dead during period, DD

l

D1 = no. alive - 2 (no. withdrawn + no. lost)
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Block statistical D2 =DD/D1
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Figure 4. General Flow=Chart, Module S-2
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Conclusion

This experiment has dermonstrated that it was possible to create
a flexlhble Interaction between medical researchers and a
significantly large data base. Tha medical results of this study
will he published elsewhere, bhut it is apparent from the examples
miven here that the efficiency of the man/maching interace can he
greatly Improved vhen a generalized file-oriented language is used.

This ohservation points to a series of measures that can be
taken by language designers in the medical environment., These

measitres include:

- fhreater emphasis on the use of non-procedural
techniques for medical data-management,

- Increased reliance on medical personnel for
the creation, updating and interrogation of
thelr files.,

- Better and clearer definition of interfaces
between data management modules and classical
software (FORTRAM, PL/1, Statistical Packages)
required in specific applications.
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