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Editor's Preface

In the autumn of 1980, the decision was made by the responsible bodies
of the German Society for Medical Documentation, Informatics and
Statistics (Deutsche Gesellschaft fiir Medizinische Dokumentation,
Informatik und Statistik e.V.) to make the application of computers in
blood banking and blood transfusion one of the topics to be treated at
the 8th spring conference of this Society, which was then arranged to
take place in Tibingen from April 9-11, 1981. The goal of the con-
ference was to unite application specialists and methodologists in

order to assess current achievements and identify fields needing further
improvement.

We were fortunate to obtain the interest of the German Society for Blood
Transfusion and Immunohaematdlogy Dr. Roos, the head of the EDP Work
study group of the Section 1 of this. Society did substantially

influence the programme. Many of the papers actually reflect accomplish-
ments of his research and of the work study group. We also consider
ourselves fortunate to win Prof. C. Mueller-Eckhardt, current president
of this Society, to give an introductory address.

The programme committee identified the topics to be covered and agreed
to invite papers on these topics. At the same time the conferenc was
opened to voluntary contributions by setting up a poster session. The
programme committee did also agree to our suggestion that the proceedings
of the conference be published in English despite the fact that the
conference would be held overwhelmingly in German. This decision was
made assuming that the topics discussed would be of international
interest.

We are well aware that this kind of decision is a criterial one,
especially with the short term response required by the tight schedule
characterizing preparation of the conference. The decision is critical
because what is gained in understandability by conversion from a less
common language to a more common one, might be lost in intelligibility
if the papers have to be prepared in another language than the mother
tongue by the majority of authors. This especially if in addition a
tight schedule has to be observed. We are grateful to our collegues

to comply with these unusual demands.

In compiling this volume we assigned the highest priority to issuing
the proceedings as timely as possible. The editing task concentrated
on making the English text readable, rather than on improving on the
style of the authors. Usually the figures are left in the appearance
in that they were.provided by the authors.



v

However we are not quite sure whether some problems of basic termino-
logy have been solved adequately. One of these problems includes the
English title of the conference. The English term "Blood Banking" does
not encompass all aspects of the applications covered in this con-
ference - e.g. decision support in transfusion therapy. On the other
hand the term "Transfusion Medicine" is not in common usage in the
Anglo Saxon language community. As Prof. Mueller-Eckhardt pointed out

in his introduction, there are reasons to use this term. An example of
another language problem is the use in German of the term "supra-
regional" service when referring to a blood collection service
organized e.g. at the level of an entire federal state, where colleagues
from English speaking countries would speak of a "regional" system.

We tried to adopt to the English terminology in such cases. However we
cannot be entirely sure that the problems of this kind have been solved
and submit the proceedings to the public with the hope that the material
will be considered of interest despite persistent deficiencies.

Finally we would 1ike to thank all those, who made the conference
and this volume possible. The conference drew its substance from the
experience and dedication of our colleagues in the programme committee.
But it would not have come about without the diligent work of the
organizing staff. B. Pietsch, Ch. Maucher, I. Hengstler-Hifner and

H. ‘Rosnik devoted much of their work hours and many hours of overtime
to the organization of this conference under the very able guidance
through H. Juranek, Akad.Direktor, Div. of Medical Documentation and
Statistics, Univ. of Tiibingen. Whatever readability was achieved in
many of the English versions of the papers prepared by our colleagues
from not English speaking countries is due to Mrs. L. Blumenthal, our
experienced lecturer. A1 the corrected papers had to be retyped, for
which we are endebted to Mrs. S. Kraus.

Finally all this work would not have been possible without the sub-
support from the subsidizing companies who also took care that the
speakers from overseas were able to attend the conference.

J.R. Méhr
A. Kluge
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Structure and Goals

of Transfusion Medicine

C. Mueller-Eckhardt

Institute for Clinical Immunology and Transfusion Medicine, University of GieBen,

FRG.

As an introduction to the problems of documentation and data processing, which will
be covered in subsequent papers at this conference, I consider it my duty to address
some of the more fundamental problems of transfusion medicine. Such a consideration

will by necessity be a personal testimony, marked by proper experience.
The subject will be subdivided into the discussion of the following aspects

1 why transfusion medicine?

2 Can transfusion medicine meet its objectives
in its current structure?

3 Goals of transfusion medicine,

4 Scientific perspective.

When the term "Transfusion Medicine” was coined a few years ago, it gained quick
acceptance in the German speaking community. Not only has it been accepted as an
auxiliary specification of a medical specialty by the German Medical Assdciation
(Deutscher Arztetag), but the term is also part of the designation of several
pertinent institutions. In my view this is an advantage we dispose of in comparison
with our colleagues of the Anglo Saxon community who know such terms as "Nuclear
Medicine", but hardly "Transfusion Medicine". The English terms used are still

"Immunc Hematology" and "Blood Banking".

why then "transfusion medicine"? At a time of centrifugal subspecialization of
medicine, every new discipline has to pose itself the question of its delimitation
to other areas and of their economic implications, if it intends to document its
autonomy not only in the medical but also the structural and legal sense. Only if
it meets this requirement in the competition with adjacent fields, will it sustain

itself in the long run.

Condensed and translated version prepared by J.R. M8hr on the basis of the original

paper given in German.



Trying to define "transfusion medicine" I would designate it as the set of medical
knowledge, measures and problems related directly or indirectly to the disposition,
storage, conservation and transmission of blood and blood constituents. The tasks of
transfusion medicine which I will summarize under the following five headings derive

from this definition:

1 Blood may be obtained only from healthy human beings. It has to be the supreme
goal (perhaps particularly in the age of phereses) to protect the health of the

person consenting to blood donations.

2 Qualitative and quantitative deficiencies of the organ complex blood have to be
offset totally or partially in accordance with the particular requirements of

differential hemotherapy.

3 Preparation of blood derivatives is only medically and economically feasible in

specially equipped institutions (blood fractionation, blood banking).

4 The protection of treated recipients requires special methods in order to dis-
cover disturbances prior to, during and after blood transfusion (immuno hema-

tology, hemostaseology).

5 Education, training and scientific investigation.

Is transfusion medicine able to meet the respective demands in its present struc-
ture? A view back at the recent history of our discipline may help to better dis-

tinguish the strong and weakpoints of its present structure.

In this country, the beginning of transfusion medicine has to be dated back to the
time after the Second World War, while properly working transfusion teams were
active on the side of the Allied forces already during WWI after citrate had been
introduced as anticoagulant. As you all know, until some fifteen years ago, blood
transfusion was practically synonymous with the transmission of fresh or stored
whole blood. A rational consequence was the conception of a widely dispersed system
of blood collection with the institution of centralized blood storage and distri-
bution sites. These were established as state-controlled or charitable institutions.
The location of these central institutions was chosen according to economic and

transport specific principles rather than medical ones.

Independently, hospital-based institutions of transfusion medicine have evolved in
some countries. Taking a look at the different countries in Europe, we may dis-
tinguish centralized types of organization as, for example, in Switzerland or the
Netherlands. There are also regionalized state-controlled structures as in England,
France, Sweden or the East European countries, and there is the dual or (if the
industrial domain is included) the ternary federal system of the Federal Republic of
Germany. One must admit that some competition arose between the two main pillars of
the system in the FRG, because of the universally applicable functions of blood

collection and blood distribution, which caused some friction.



During the past ten or fifteen years the progress of transfusion medi-
cine proceeded at an extreme pace. Let me just list the most relevant

contributions:

- Development of the multi bag systems for blood fractioning,
especially for thrombocyte transfusion;

- the introduction of cell separators for substitutional and thera-
peutic cell- and plasmapheresis;

- the decoding of the HLA system and other immunogenetic systems of
cells other than erythrocytes as a prerequisite of transfusions and
organ and bone transplantations;

- the diagnostics of viral hepatitis.

With respect to therapy, some differentiation in the use of plasmatic

components is discernible:

- the use of unpurified, concentrated products such as factor VIII,
albumin or immune globulins approaches economic boundaries, while

the application of fresh plasma goes through a certain renaissance.

All these developments, which resulted as a consequence of clinical
requirements, brought transfusion medicine - and I might add from my
personal point of view 'luckily' so - back to where it belongs: the

hospital, into the environment of patient-oriented medicine.

However, there should be no misunderstanding: long-lasting quarrels
may have disturbed our realization of the advantages that our bi- or
tripartial system provided in a serendipitous manner. I want to state
firmly that transfusion medicine would not be feasible without the
voluntary support through donations provided free of charge by the
entire population. No organization could better be trusted with the
related organization than a charitable organization which is not ex-
clusively subject to the laws of a free market. However, transfusion
medicine is equally dependent upon hospital-based facilities and the
physicians, nurses and technicians serving them. And which institution
would be in a better position to provide us efficiently and economi-

cally with high quality products on an industrial scale than industry?

It is my firm conviction that the structure of transfusion medicine
with its concurrence of local and regional institutions, as it de-
veloped historically in the Federal Republic, is best suited to the
multiple medical requirements. No party should try to monopolize this

field or deny the right to exist to one of the others.



This brings me to the next topic: the goals of transfusion medicine.
The global goal is easily formulated: To cure the patient effectively
and efficiently without harming the donor. This will hardly be questio-
ned. To name the requirements for achieving this goal is, however more

demanding.

The first requirement, is the availability of appropriate space and
equipment. I will not cover these since the requirements at least of
data processing equipment, will be covered in the following contri-

butions.

I would like to address two kinds of requirements which I have only
been able to touch so far: firstly, the question of qualifications
and, hence, of training of physicians and other professional per-
sonnel; and secondly the question of the scientific orientation of

transfusion medicine.

After accepting transfusion medicine as a new subspecialty, the con-
tents of special training have been subject of discussion by the
responsible institutions in the FRG. The passing of a training program
meeting high standards is, in my view, the basis for the establishment

of transfusion medicine as an autonomous and respected discipline.

Nevertheless, it will only persist if it manages to improve integra-
tion into clinical medicine. Clinical experience is indispensable for
the practice of transfusion medicine. Specialized knowledge and
experience in other areas of transfusion medicine, however, is just as
necessary in my view. Every specialization program has to account ad-
equately for both aspects. It will not be permissible in the future to
assign physicians with exclusively clinical training or pure theoreti-
cians with leading positions in our discipline. We will first have to
agree on the criteria for specialty training and to enforce them. This
is curently a high priority task for the board of directors in our

scientific associations.

It is of no lesser importance to improve the attractiveness of trans-
fusion medicine for our young colleagues. Only if we demonstrate deve-
lopment potential and open up possibilities for qualified education,

will we be able to arouse their interest in our discipline. A seminar

to this purpose will be offered for the first time this fall.

This brings me to the last but not least important goal of transfusion



medicine, the establishment of its scientific bases. There is no doubt
that every discipline stands or falls with the scientific qualifi-
cation and scientific involvement of not only its younger but also its
more experienced representatives. It is my feeling that much remains
to be done in this respect. We neither need to nor should judge our
selves by the standards of basic sciences, but we will have to meet
international standards. This requires studious and critical scien-
tific work for the solution of the many problems which pose themselves
continuously. It is a bad sign if a scientific society is only rarely
able to award is own prize because of lack of qualified presentations,
or if there are no qualified applications for vacancies of scientific
positions. It is the duty of us seniors to provide the prerequisites
for a successful and, therefore, self sustaining scientific work of
our young colleagues and for the maintenance and improvement of the

scientific reputation of our discipline.

If this conference can contribute in this respect, it will help us to
attain the goal of transfusion medicine. Thié is my wish to all of
you, the organizers, the participants and even to myself as one of the
current representatives of the German Society for Blood Transfusion

and Immune Hematology.



Functions of Patient-oriented Blood Transfusion Services.

A. Kluge

Institute of Immunology and Serology,
University of Heidelberg (FRG)

Introduction

Blood transfusion services (BTS) have to facilitate the physicians'

task of blood transfusion and the supply of blood components in a
quantitative and qualitative manner. Similar to regulations applied to
pharmaceutical industry, the German drug law (1) requires the designation
of qualified persons responsible for: production, control, distribution.
Concerning blood transfusion, comparable regulations exist such as:

- Standards for Blood Banks and Transfusion Services of the American
Association of Blood Banks (2)

- Guidelines for Blood Grouping and Blood Transfusion by the Federal
Board of Physicians and the Federal Board of Health (3).

Further persons in charge named by these guidelines are:

-~ clinical pathologist with special serologic experience,

- transfusing (attending) physician,

- hospital administration board for organization,

- assisting medical personnel, working under the supervision of a

physician.

Errors in blood transfusion may have fatal results. Therefore, all
persons involved must strictly comply with the requirements to provide
for safe transfusion of blood and transmission of special information.

(1) Blood transfusion Service (BTS)

Since most of the blood transfusions are performed during clinical
treatment, a hospital BTS has been established by hospitals having
emergency or intensive care units. The blood supply of the supporting
hospital is guaranteed by a 24-hour-a-day-service of this hospital BTS.
Having an extended supply area, these hospital BTS are called "regional”
BTS in the FRG. They are supported by the government or communities.



(2) Blood Unit Depot

The number of blood transfusions increased to a great extent since it
has become possible to preserve blood and to store blood units. Since
1950, almost a twofold increase in blood demand per decade has been
recorded. Using modern stabilizers (nutritive media), the red blood
cells as the most important blood component keep their viability at a
temperature of -4% C for at least 35 days. The instrument to meet the
demand is the blood unit depot. This is maintained by a stock policy
which is to comply with the requirements by appropate and constant
supervision. Because of dangers of bleeding, the medical demand for a
sufficient supply at any time has priority, at least for the supporting
hospital. It is followed by the ethical demand that the lTimited "source"
of human blood may not be wasted. The economic demand for low costs
ranges third. The blood bank management should endeavour to bring these
three criteria into accord by efficient procedures in blood storage.

(3) Blood Donor Service (BDS)

In many cases, blood transfusion services in university and large

cities are combined with a hospital blood donor service (BDS).

According to the demand, these BDS care for the blood unit supply on the
basis of blood donations. The most important instrument for disposition
and organization of blood donations is a file of donors. Besides
occasional and spontaneous donors, the permanent donor is the important
type of blood donor in the hospital BDS. They are donating blood up to
five times a year. Their state of health is more extensively controlled
than that of the donors mentioned before. They remain on call for blood
donation. The hospital BDS contacts these donors (by phone or mail) to
donate at an appointed date, sometimes for a certain recipient. For

this purpose, the donor always comes to the hospital BDS. In emergency
cases, the donor is on call for donations on Sundays or holidays, even
during the night. Precise information on his availability and reliability
combined with a check of his donation ability with regard to his state
of health and interval since last donation are data to be checked in

the data base. This type requires complex search, call and control
procedures and will soon outgrow the Timits of conventional file
organization.

The regional BDS of the German Red Cross are a second type of BDS in

the FRG which take care of the blood supply of many depots in hospitals.
The demand of the depots is covered by the blood unit pool of the center.



The blood units are shipped by train or special refrigerating vehicles
to the depots and the hospital BTS. Gaining blood from both sources,
recruitment of own donors and delivery of blood units from the regional
Red Cross BDS, will in my opinion combine the advantages of both
systems (4).

(4) Special Procedures for Blood Products

According to the patient-oriented demand, the blood bank as a donor and
transfusion service has to apply a number of special procedures in
collecting and processing blood products. Our blood processing scheme
(Fig. 1) shows - without going into details - the four columns:

1. primary donation, 2. first processing steps,
3. standard preparations, 4, additional special preparations.

The four generally used blood units are pointed out:

WB whole blood (with all components),

RC red blood cells/erythrocyte concentrate (buffy coat removed),
PC platelet/thrombocyte concentrate (as a white cell component),
PL plasma (all cells removed).
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The product lines (in Fig. 1) show switches which are in a position to
get standard preparations. If requested, they may be switched to other
product lines. In special cases, for instance, the blood bank meets the
request for platelet rich plasma, plasma-depleted whole blood or (for
exchange transfusion in neonates) red cell concentrates with platelets
of a first donor and fresh frozen plasma of a second donor as a mixed
or hybrid unit. The remarkable diversification is an important feature
of patient-oriented blood banks. While regional Red Cross BDS offer
nearly 12 products, hospital blood banks have to Tist at least 66
products, as in our case.

Special preparations, which already start in blood drawing, use multiple
bags in order to separate several blood components in a closed system.
In pherese techniques, the bags with drawn whole blood are centrifuged.
After separation of a distinct blood component (plasma/platelet phe-
resis) the rest will be transfused immediately. In double pheresis this
procedure is repeated again. The identity must be carefully checked,

for it is absolutely necessary that the donor is retransfused with his
own blood. The 5 min procedure of the normal blood donation increase

to 45 min, or to 90 min in double pheresis.

The time necessary for cell separation is in the same range or even
longer. Here the donor is linked to a special machine via an extra
corporal circuit. In this way, a blood cell component which is found
only in low concentrations will be collected from the donor and con-
centrated up to tenfold in a small volume. While cell concentration is
increased, the efficiency of the technicians involved decreases. In
this field innovations are needed. Every two years a new type of
machine is announced. The latest cell separator models, the FENWAL and
the IBM 2997, show several sensors, counters for the circulatory input-
output balance, microprocessors for automatic blocks and alarm systems.
One can imagine that the future it will be possible for 2-3 donors to
be treated at one cell separator by one technician and supervised by
one physician as with the standard donation.

Despite an increase of 5-10% a year, the situation concerning blood
supply with red blood cells can be regarded to be roughly balanced.
Among the white cell components the platelets have limited viability

not exceeding 72 hours. Leucocytes have a viability of only 4-6 hours.
Furthermore, the leucocytes are about a thousand times less concentrated
than red blood cells. The increasing demand is not fully met in plate-
lets and scarcely in leucocytes. Finally, the procedure of autologous
blood units should be mentioned: patients donating blood for their own
surgical procedure. In rare cases, blood banks are concerned with the
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recruitment of donors for bone marrow transfusion.

(5) Special Blood Component Therapy

A blood transfusion service consults the transfusing physician in blood
component therapy and is able to perform outpatient transfusions on the
premises of the BTS. At least in problem cases, the blood bank director
has the opportunity to see the recipient in the ward as a consultant.

In the case of special diseases, patients may be transfered to the blood
bank for phlebotomy, therapeutical pheresis, or for depletion of certain
pathologically increased blood components by the cell separator. In co-
operation with the clinicians a patient-oriented blood bank may be
suited for therapy controls.

(6) Laboratory

Prior to the issue of a blood unit, it is essential to investigate the
donor and to perform several tests with the blood drawn. The normal
range reported in the literature or 1limiting values in guidelines serve
as criteria for the application of units for transfusion. Thus the
medical staff is familiar at least with the principle of decision
tables.

A drawn blood unit is in quarantine until all results of the control
tests are available. Here the flow of information from the different
laboratories can be markedly accelerated and become more efficient by
automatic data processing. Results which implicate an immediately re-
cognizable risk of infection may be used to immediately tag the blood
unit as withdrawable via EDP. Also the search for the recipient of
component units, issued as fresh blood with medical risk, is much easier
by EDP than by the time-intensive conventional procedure.

Blood units may be regarded as special drugs which have always to be
serologically determined before use. Compatibility tests have to be
performed, using small blood samples from the two participants. For
this purpose, special laboratories are established in blood donor
services for donors and in blood transfusion services for patients
which have the same day and night service as the blood unit depot.
Speaking about blood donor service - blood unit depot - laboratory -
blood transfusion service as a complex institution for transfusion
medicine, I prefer the American abbreviation "blood bank".

Because the different blood types are extremely important for the
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compatibility of the blood unit, the data must be repeatedly checked

to avoid errors. Only input and storage of correct data in computers
saves time and test material. When blood units in blood banks are issued
for transfusion to a certain patient, it is necessary to compare the
recipient's blood group (just tested or already known) with those of

the blood units. As a rule, transfusion recipients and blood units must
show the same blood group (ABO and RhD type). In emergency cases,
exeptions are allowed depending on the blood group of the recipient

and also on the blood unit with its blood component type. Using our
system, we have developed decisions tables which lead to special remarks
(at the visual display unit and/or transfusion report) in non-identical
transfusion (see pg. 23).

(7) The Organizational Context of a Blood Bank

The organizational assignment of a blood bank can be derived from the
hospital with the highest demand, e.g. the department of surgery or
anaesthesiology. If the blood bank is assigned to a special field of
medicine, then haematology, immunology, microbiology, or serology are
preferred. If the blood bank is integrated into an institution of the
fields mentioned before, activities such as immuno-haematological dia-
gnostics, general and transplantation immunology, clotting diagnostics
and therapy of bleeding disorders (see pg. 23) are provided. Depending
on the position of a blood bank in a community hospital, the development
of techniques and the training of technicians will be an importantgoal.
In university hospitals lectures for students and research work are
additional tasks.

157,000 blood units by 167,000 blood units by
hospital blood banks regional Red Cross

Blood Donor Service

Fig. 2: Blood Unit Supply in 70,000 units for

Baden-Wiirttemberg 1976 plasma production
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(8) Cooperation of Regional Red Cross BDS and Blood Banks

Finally, I will give more detailed information concerning blood banks
in the part of the country where Tibingen, the site of this congress,
is situated.Besides the regional BDS of the German Red Cross (DRK) in
Baden-Wiirttemberg with its two blood donation centers in Baden-Baden
and Ulm, 11 blood banks, supplying the blood needed by the population
of Baden-Wirttemberg are to be found. For 1976 the figures for these
two differently organized services were as follows (4):

(1) With respect to blood collections the regional Red Cross BDS was
most important performing 2/3 of blood collections (Fig. 2),

(2) concerning blood units for supply of Baden-Wirttemberg, both
types of BDS were involved to the similar extent (blood banks
157.000, Red Cross BDS 167.000 blood units because 70.000 units
were used for plasma preparation) (Fig. 2);

(3) in the local provision of blood units for the supply of the
various hospitals the blood banks dominated covering 2/3 of the
demand (202.000 units resulting from the receipt of 45.000 units
of the DRK-BDS) (Fig. 3);

Fig.3: Blood Production and Distribution in 1976

tient
1 200,000 [aboratory tests in patien
patient blood samples laboratory
202,000 blood units issued by
. blood
hospital =
transfusi
blood demand of ranf uston
banks 45,000 units| 122,000 units service
supplied by | delivered to blood
. product
the Red hospital depot
Cross BDS d
epots
i blood
by the regional Red Cross donor
Blood Donor Service service
70,000 units for pharmaceutical
. manufacturing
plasma production plant
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(4) the major task of the blood bank is the provision of the trans-

fusion blood and the consultation of the attending physicians by
a doctor of the blood bank. In this respect, 1.2 million labo-
ratory tests on patient blood samples carried out in 1976.

Somewhat simplified one may note that regional Red Cross BDS and blood
banks do not differ in principle but, to a certain degree, in quantity.

By the use of EDP an essential improvement in respect of the permanently
increasing requirements for both types of services in the field of trans-
fusion medicine can be expected. EDP is supporting several special fields.
A number of problems in the field of blood physiology, immunohaematology,
and blood bank technology have to be solved. However, special attention

should be focussed on the individual care of donors and recipient:
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TASKS OF A REGIONAL BLOOD TRANSFUSION SERVICE

H. Bitz, W, Castor

Blutspendedienst des DRK Landesverbandes Rheinland Pfalz

The tasks of a local and a regional blood transfusion service seem
hardly distinguishable if regarded superficially. Both organizations
have to process blood units and blood components and to optimally
supply hospitals which are connected to the blood transfusion service.

In spite of having many basic things in common, there are principal
differences in the type of organization and the sequence of operations
in some fields. The aim of this paper is to describe the most
important differences by the data of the German Red Cross Transfusion
Service Rheinland Pfalz.

Blood Collection

One substantial difference to a local blood transfusion service consists
in the way of producing blood units. Individual donors or smaller groups
of donors are not specially requested for blood donation but, as a
rule, all donors of a town, a residential section or a place work are
addressed. Blood collections take place predominantly in the evenings
outside the blood center by mobile laboratories with substantial
assistance of local organizations of the German Red Cross (GRC). With-
out the effort of local GRC teams, the smooth functioning of a

regional blood transfusion organization would be impossible.

The most important data of the GRC Blood Transfusion Service Rheinland-
Pfalz is shown in Table 1. In 1980, 1419 blood collections were
completed in 536 different places: 170.190 blood units from more than
96.000 donors were collected altogether. This means that, on the
average, the various places were visited 2.6 times and that an active
donor took part in a collection 1.7 times anually.

One third of the blood units were donated by women (Table 2). The
amount of blood units from first-time donors is 14.18% and that from
multiple donors 85.82%. The figures show several priorities in the
fields of planning and completion of blood collections. The most
important task is certainly to retain and care for an active core of
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donors. We try to inform all donors known to us regularly, through
posters and flyers as well as messages of the press media about the
blood collections in their residential area. In the past, we have learnt
that individual information by postcard is most effective. For this
reason, we sent almost 500.000 postcards in 1980 to produce 170.000
blood units. In the past year, addressing and mailing of the cards was

carried out by Tocal GRC volunteers. These postcards are now more
efficiently printed and addressed by our EDP system.

TABLE 1

GRC BiOOD TRANSFUSION SERVICE OF RHEINLAND-PFALZ

(time of observation: January lst - December 31st, 1980)

Number of
- Places 536
- Blood Collections 1.419
- Collected Blood units 170.190
- Active Donors 96.987
- Donors Registered since 1969 303.325
TABLE 2
Number of Collected Blood Units from
Donors Firsttime Multiple
Total Donors Donors
ABS. ABS. % ABS %
MEN 111246 14199 12.76 97047 87.24
WOMEN 58944 9928 16 .84 49016 83.16

TOTAL 170190 24127 14.18 146063 85.82
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Our active donors and the voluntary helpers play an important part in
winning new donors, because the personal approach to a potential new
donor removes the individual fear of venipuncture and blood collection
in the best way.

The aim of every blood transfusion service has to be to supply clinics
and hospitals in its service area with blood units and blood components.
For an orderly and economical supply it is important to set blood
collections in a way that a sufficient amount of tranfusable blood -
especially by rare blood groups - is maintained and as much as possible
of the produced blood units will actually be transfused. One problem

is the difference of blood groups between the core of donors and the
blood units needed by the hospitals. Statistics showed that there are
large discrepancies, especially in the field of Rh-negative blood groups.
Besides the need for and the distribution of blood groups, the planning
must also consider influences like seasonal variation of blood donations
and local circumstances (like holidays, harvests, etc.). At least one
blood collection has to be arranged daily in the vicinity of the blood

center. In this way, blood will be available at any time for processing
special products which are extremely shortlived or which have to be

processed immediately upon collection.

Processing

Before blood units are shipped to hospitals connected to the blood
transfusion service, processings which are requested by the guidelines
and the pharmacopoeia must be carried out. So far, there should not

be any essential difference compared to a Tocal transfusion service.

A difference only exists, in the amount of blood samples to be processed.
500 to 1.000 samples from donors are processed daily in the laboratories
of the GRC Blood Transfusion Service Rheinland-Pfalz. The aim of
processing is to guarantee the exact labeling of the blood units with
the corresponding blood groups and to prevent the delivery of not-
transfusable blood units. A1l results must be documented, of course.

The high number of blood samples to be processed requires a far

reaching automation of the laboratory. We have learnt that on-line-
connections between the laboratory equipment and the central computer
are not absolutely necessary.

Blood donors represent a healthy group of people. Pathological results
are rarely to be found. We only store pathological data in our computer.
We have learnt that it is unnecessary to. store standard results. A
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connection with the central computer makes operations easier in the
field of blood grouping, if it is possible to immediately compare the
new processing results with the donor's stored data. An unmistakable
identification of samples must, however, be guaranteed.

It is necessary to distribute operations among a greater number of
medical technicians. It is useful to delegate processing, data input

and release of processed blood units to responsible laboratories. But
this calls for an excellent coordination of the different laboratories.
This can be optimized by a computer. Only after complete release by all
laboratories a final release is possible. In this way, blood units which
are not completely released by all laboratories are stopped from being
labeled and processed to blood components or delivered to hospitals.

The Tabeling of the blood units can also be controlles with a lightpen
by EDP (Fig. 1).

With such a method, shipping of an incorrectly labeled or non-trans-
fusable blood unit is excluded. The correct assignment of the pilot
tube to the blood bag is also secured. In many cases, laboratory
operations with routine processing are not completed. Cross-matchings
are regularly carried out for 10% of the connected hospitals. If
necessary, the remaining hospitals also demand cross-matchings, which
are very often connected with a farther-reaching antibody diagnosis,
and call for blood units corresponding to the results of the diagnosis.
As shown in Table 3, it can be quite reasonable for a regional blood
transfusion service to enlarge the existing use of EDP by a patient
system.



TABLE 3

GRC BLOOD TRANSFUSION SERVICE OF RHEINLAND-PFALZ

Processing refering to Patients in 1980

CROSSMATCHES
Patients 3.868
Units 10.649

ANTIBODY DIAGNOSIS

Patients ERY Antibodies 590
HLA Antibodies 116
Units ERY Antibodies 1770
HLA Antibodies 153

Production of blood components

In recent years hemotherapy has been more and more accepted in hospitals.
More than 80% of the collected blood units of the Transfusion Service
Rheinland-Pfalz have to be separated into-therapeutically effective
components. This leads to a variety of blood units and blood components.
They have all been subjected to "Arzneimittelgesetz" (Drug act of the
FRG) since January 1978. With the integration of these products to the
new act, the legislator demanded new qualifications for the blood
transfusion services.

Especially in the field of processing according to Good Manufacturing
Practices (GMP) and its control, additional efforts and investments

are required.

Developments are similar to the ones we had in laboratory medicine
after World War II. Working time for the actual processing is getting
shorter while the time for documentation and control is increasing.
Our present activity aims at a further development of EDP to assist
administrative work. In this way we save work and intensify security
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in processing.

Distribution of blood units

Certain problems arise in the field of shipping blood units for a

local blood t(ansfusion service. They come up because of the large
distances within the service area and the number of hospitals. Our
blood transfusion service supplies 121 hospitals within a radius of

200 km. This is done with refrigerator trucks once or twice a week.
These large quantities call for the assistance of EDP to write delivery
notes and invoices. In the same way as the declaration of blood groups,
the correct labeling of products and the prevention of shipping non-
transfusable blood units can be controlled with Tightpens (Table 4).
Statistical data for comsumption control should be available.
Documentation of all operations is also of the highest importance.

It makes it possible at any time to trace the way of a blood unit

from the donor, via laboratory processing to the hospital and finally
to the patient.

TABLE 4

GRC BLOOD TRANSFUSION SERVICE OF RHEINLAND-PFALZ

Shipment of Blood Units in 1980

Hospital which are regularly supplied by

our Blood Transfusion Service 121

Shipment by refrigirator trucks 1 - 2 times a week
(driven KMS/year) 75000 KMS

Shipment by Ambulance Service ‘ 270

other special Transfusion

(Taxi, Police, Helicopter) 166

fast freight shipment 9595

Self-Service 8120

By describing some operation fields of a regional blood transfusion
service we have tried to highlight essential differences to a local
transfusion service, related to hospitals and patients. We have tried
to demonstrate the possibilities of EDP in facilitting and securing
operations.
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The handling of a huge quantity of data and the retrieval of donors

or blood units for a special application present serious problems for
blood centres and transfusion services, all the moreso if the trans-
fusion service works near a hospital where an unpredictable demand for
special blood units frequently arises DP is well fitted to solve these
problems. Though first attemps had been made in the late sixties, it
took a long time till DP was accepted by the physicians.

Examining the known DP-systems in this field, we find a uniform trend
with regard to the problems to be solved. However, one can find a large

variety concerning their technical realization.
Maybe this is why blood centres differ among each other to a greater

extent concerning their scopes, their organizational structures and
their financial potentials than other medical institutions working in
a similar field.

The objectives common to all blood centres, transfusion services and
blood banks are:

- supplying the patients of a hospital or a region with blood adequately
and timely;

- taking best care of the donor, and

- protecting the recipients against transfusion damages.

Corresponding to the special volume of work or the individual interests
of the heads of these institution, there may be further objectives. But
the DP-system is also determined by the physician who has to accept it
as an appropriate instrument for his daily work.

There are several characteristics of the blood centres which determine
the structure of the DP-system:
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- the mode of donor recruitment;
- the vicinity of a blood centre to a hospital;

- the demand determined by the therapeutic programs in the hospitals
supplied (e.g. ECC-operations);

- the method of distributing a great number of blood units.

- the financial or organizational potential of the blood centres, for

example, whether they are community blood centres or Red Cross
blood centres.

number of occasional
Distribution problems donors involved

Number of
continous donors
involved

Tasks directly
related
to patients

Information/Recipient Information/Donor

sscccccescese Regional Blood Transfusion Service

— Hospitalbased Blood Transfusion Service
Figure 1

Synopsis of differences between regional blood collection centres
and blood transfusion services
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Fig. 1 shows the fundamental differences between hospital based trans-
fusion centres and regional blood collection centres.

A regional blood collection centre in West-Germany usually disposes
over a great number of persons donating twice a year, thus producing

a great number of blood units. These are often processed into blood
components and have to be distributed to the hospitals of a region. On
the other hand, the blood transfusion service near a hospital relies
almost exclusively on donors who are called in when needed and who can
donate every eight or twelve weeks because they get a medical check-up
every two years. The tasks with reference to the recipients (e.g. blood
group typing, selecting an indicated blood unit for special application
or cross-matching) are significant for this type of blood transfusion
service. There are three entry points for DP-systems determined by
medical aspects:

i. Computer systems for blood donor management
They are used for

- retrieving donors, especially rare donors;

- rejecting inappropriate donors as a consequence of pathological
findings;

- improving performance in preparing and executing extraction
dates.

Important points are ensuring the identity of a person and
correctly linking the blood group findings to the records of
donors and blood units. For this reason, good coordination of
DP-system and information flow is indispensable.

A donor management system as described above includes the
acquisition of data of the collected blood units. The need to
extend the donor management system to an inventory control
system for stored blood and to an aid for the distribution
process thus becomes evident. Things become more complicated
if the inventory levels of more than one hospital or depot stock
are to be controlled.

Even simply designed systems may support donor administration

in a very efficient manner. But inventory tracking or improving
distribution of blood units in a local blood bank by means

of a DP-system require a sophisticated system design and a staff
working with discipline and care. Because of the problems

hidden in several places, a second system has been built up for
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accounting functions. This is why the existing information
system was not appropriate to produce a reliable entry for an
accounting system.

Computer systems for laboratory data management.
The experiences from developed laboratory DP systems for

clinical pathology could not be used before blood grouping
machines had been introduced in serologic laboratories. Before

that, information systems were built up using worksheets and
punchcards to support laboratory work. A manually performed
acquisition of qualitative and semi-quantitative findings has to
be planned very carefully because of the reliability required
of the processed data. There are few examples of secure data
entry. In TRAMIDIS (Transfusionsmedizinisches Informations- und
Dispositionssystem) in the University Hospital Eppendorf an
optical mark reader is used. The known risks of this method are
compensated by multiple readings and redundant data entry with-
out any charge to the laboratory staff's account.

Today the use of blood grouping machines may become an entry
point for DP in blood banking.

Computer systems for recipient information handling.

There are only few approaches starting with data processing for
the recipient - maybe because first of all one must handle
information about the donor, then one has to do laboratory work,
inventory control and distribution processing, all of which are
prerequisites for an adequate blood transfusion treatment. Thus,
the recipient himself, though centre of all efforts, is located
at the end of a string of activities within the transfusion
service.

Physicians ask for retrieval systems for risk patients who
require a special treatment.

Transfusion backtracing, necessary when transfusion reaction or
a transfusion damage has occurred, is very time-consuming and
should, therefore, be supported by data processing.

In the above mentioned sense, the activities from donor
management and laboratory work meet in the patient-oriented

activities.
Once more, an example from TRAMIDIS may prove this.

The record of the blood unit containing the relevant information
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for transfusion is produced immediately before the donation.
Blood group typing for patients is done in the serologic
laboratory, the findings are stored in the central data base.
When the request for one or more blood units is entered, the
following will be checked:

a) whether the requested blood group is identical or compatible
with the stored blood group finding;

b) whether the blood group of the selected blood unit for cross-
matching is compatible with the blood group of the patient.

Differences have to be investigated immediately. Our experience
has shown that most errors result from writing mistakes.

Systems designed for the use in transfusion medicine have to fullfill
several criteria which are typical for this application:

Because of possible lethal consequences of human errors, the data
have to be checked seriously and processed correctly. This leads

to a sophisticated design in case the system is intended to be used
for controlling and supervising activities.

The processed data must be topical if the system is intended to be
used to support decision making. This leads to interactive systems
which must be operable whenever needed.

A permanent data acquisition for a quick and complete update of the
important files must be guaranteed.

The transfusion centre must be in a position to do its work whether
or not the system is operable.

The DP-system supports the medical staff in decision making or
controlling activities, but it can never take the responsibility

for those decisions. Thus, the system has to be transparent in each
component, and the results have to be understood by the staff.

There are three different approaches to realize DP-systems in trans-

fusion medicine:

A.

Distributed systems
These are autonomous systems reaching all or part of the above
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mentioned objectives. With this approach it is possible to realize

a system exactly corresponding to the special work of the blood
centre, taking into account the objective needs and the individual
wishes of the medical staff.

In this way, the DP-system can be embedded into the individual
worksteps, thus coupling it immediately to the sources of data used
for data base update. An information system like this is more than
an "electronic" card index which is updated outside the normal work.
It is rather tool for process control in blood centres.

B. Shared systems
In this case, blood centres working in the same region use some
copies of the same DP-system or share a common DP-systenm, thus
exploiting financial investments to a higher extent. The main
objective, however, is often the shared use of stored data, usually
to get a broader basis for rare donor retrieval. There is less room
for fulfilling individual wishes or needs. The DP-supported functions
have to be standardized among the cooperating blood centres.

C. Hospital information systems
The DP-system of a blood transfusion service working in a hospital
may be embedded into the overall DP-structure and information flow
of the hospital. For example, in TRAMIDIS the recipient file is
normally updated by the hospital patient admission system. The blood
transfusion service thus gets information which was not available
in that simple manner before. This increases rationalization and
strengthens safety in record linkage.
An information system for the blood transfusion service may be
implemented as one of several special information systems at that
hospital, all realized with the same tools and following the same
pattern.
The difference in using a shared system and using a hospital
information system is that, in the first case, several more or less
uniform blood centres use one DP-system as a tool for information
handling, whereas, in the second case, several users utilize the
same tools for building up special and therefore different
information handling systems.

Conclusion
Without DP in transfusion medicine the needed information cannot be
handled in a satisfactory way. Human errors may have fatal consequences.
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DP-systems in this application field are in the first place information
systems which have to present the needed data in an adequate and
reliable manner within an acceptable response time. But they are also
control systems, designed to prevent human errors. Consequently, the
system approach varies for the different institutions practising
transfusion medicine corresponding to their responsibility to the
recipient. Nearly everywhere donor administration is included. The
more important the tasks concerning patients become, the more the
approaches differ and lose transferability which exists to a certain
degree for donor management systems.

Gathering data sets and standardizing nomenclature may be oneway to
make systems transferable.

For my part, I would be satisfied if there existed a notation of the
central terms in transfusion medicine which would make it possible to
print a formula like

‘A1 Rh pos ccD.Ee Fy(a) pos S neg

on a line printer in a clear, simple and formated manner which can be
read easily and without misunderstanding by people outside the trans-

fusion centre.
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CENTRAL REGISTRATION OF HLA-TYPED BLOOD DONORS

F. Schunter and W. Schneider

Abteilung Transfusionswesen am Institut
fiir Anaesthesie und Transfusionswesen
D-7400 Tibingen, Calwerstr. 7

Summary:

As a consequence of the polymorphism of different antigenic systems

on blood cells, blood transfusions may lead to alloimmunization of the
recipient. This depends on factors involving both the blood-recipient
and the transfused blood. Strong antigens such as Rhesus, Kell and HLA
often lead to alloimmunization. When alloimmunization is present,
cellular blood products with the respective antigens may exhibit im-
paired function and/or provoke transfusion reactions. Therefore, trans-
fusions to alloimmunized patients have to be carefully matched. Since
the HLA-system is very polymorphous, the local donor pool is sometimes
too small to obtain the required antigen profile. Therefore, a central
registration of HLA (Human Lencocyte Antigens) and blood group typed
donors has been established in West-Germany. The results and problems
involved are discussed.

Like other organisms, humans have the ability to react against foreign
antigens with a humoral and cellular immune response. The production of
antibodies does not necessarily occur; it is dependent on factors in-
volving both the antigen (antigenicity, amount of antigen, modus and in-
tervals of administration, similarity between antigens of the blood
product and those of the recipient) and the recipient (immunological
responsiveness). Antigens of various different, partly very polymorphous
systems, are expressed on blood cells and it can be concluded that

- an absolutely identical blood transfusion is not possible;

- therefore, each transfusion may lead to alloimmunization;

- frequency and strength of alloimmunization are dependent on para-
meters established by the antigens administered and the antigen
make-up of the recipient.

If alloimmunization against red cell antigens occurs, blood products
with the respective antigen cannot be administered further because of
the danger of detrimental transfusion reactions (for ref. see Mollison
(1979). Therefore, the pool of available donors may be reduced to a
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great extent.

Alloimmunization against antigens of platelets or leukocytes can

reduce recovery and life span of incompatible cells to such a degree
that substitution with cells bearing antigens is at least ineffective

if not outright deleterious (Yankee, 1974).

The problems occurring when alloimunized patients have to be trans-
fused are largely dependent on the antigenic systems involved and on the
type of blood cells required, as the expression of antigens is different
on different types of blood cells.

From the antigenic systems on red cells, the most important ones are
those of the ABO system and of the Rhesus system:

The phenotype frequencies of the ABO system in Germany are (Hummel,1971):

Ay 36.7 % A,B 0.9 %
A, 7.7 % B 10.6 %
A.B 3.6 % 0 40.4 %

Since blood contains regular isoantibodies against A and/or B, transfu-
sions should in general use the same ABO blood group. If the regular
isoantibodies are eliminated, blood from donors with blood group 0

can be used as a substitute for other blood groups.

The number of phenotypes in the Rhesus system is much greater than in
the ABO system. Their frequencies and the compatible phenotypes differ
greatly, as shown in three examples:

phenotypes frequency compatible types frequency
CcD.Ee 13.4 % all others 100 %
ccddee 15.1 % ccddee 15.1 %
ccddEE 0.01 % ccddEE 0.01 %

Other antigenic systems on red cells may also lead to alloimmunization;
however, the frequency is low, since incompatible situations and/or anti-
genicity of the antigens are low. If alloimmunization against very
frequent antigens occurs, it may be very difficult to obtain compatible
blood.

On patelets some antigenic systems show quite different degrees of
importance. In addition to a week expression of A and B blood group
antigens, platelets as well as granulocytes exhibit a strong expression
of the 5a-5b antigens. HLA antigens are strongly expressed on platelets
and on nucleated cells (Svejgaard, 1969). The HLA system is of great im-
portance for platelet transfusionsi
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- the system shéws an extreme polymorphismwhich makes it very unlikely
that random transfusions will be compatible;

- these antigens exhibit high immunogenicity which may lead to allo-
immunization in a very short time (Yankee at al., (1969);

- these antigens are also expressed on leukocytes which are usually
present in the cellular components of blood products in numbers suf-
ficient for alloimmunization.

Platelet-specific antigens (for example P1a, Ko, P]E) are of only minor
importance for platelet transfusions because of their low antigenicity
and frequencies.

It is imperative that the HLA system and its importance be considered.
HLA antigens are coded by three closely linked loci, termed HLA-A,

B and C. These antigens are a dominant hereditary factor with at least
17 alleles at the A locus, 8 at the C locus and 32 at the B locus. The
number of different phenotypes in the HLA system is:

-1 -1
2A(—ZA—)+1 lBLg'B_)‘fl L(u\w = 2 268 544

n, are the alleles at the A locus, etc.

For practical purpose in transfusion medicine, however, not all the
antigens have to be taken equally into account. Due to strong cross-
reactivity, their number may be reduced at the HLA-A locus to 7 and

at the HLA-B locus to 13. The antigens of the HLA-C locus are detect-
able on platelets only to such a small extent that they have no major
influence on recovery and survival time in sensitized recipients; hence
they can usually be neglected. Reducing the HLA antigens in this way,
the number of different phenotypes is still 1.738. Even the most fre-
quent phenotype (HLA-Al, A2, B8, B1l2) has a Tow frequency of less than

1 %. The antigenicity of HLA antigens is high, especially those of the
HLA-B locus. The antigenicity is not only dependent on the antigen trans-
fused but also on the serological similarity to the antigens of the
recipient (strong or weak cross-reactivity between HLA antigens trans-
fused and the HLA antigens of the recipient). Since alloimmunization is
dependent on a number of different factors, sensitization time varies:
the mean sensitization time is 8 weeks, but often sensitization occurs
earlier and can be as short as 2 weeks (Tomasulo, 1978). One has to take
into account that even one incompatible transfusion may lead to allo-
immunization.

One of the major efforts in blood transfusion should be to protect the
recipient against alloimmunization if repeated transfusions are to be ex-
pected; some indications are shown below:
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against
red cell antigens HLA antigens
I. Diseases

A) with long-term red cell transf.
1. hereditary spherocytosis + + (apl.crisis)
2. paroxymal nocturnal hemoglobinuria ++ ++ (apl.crisis)
3. autoimmune hemolytic anemia 4+
4. myelofibrosis + +4
5. sideroachrestic anemia +
6. anemia due to chronic renal failure + + ?

B) with intermittent red cell transfusions:
for example: ulcerative colitis, Crohn's
disease

C) long-time platelet transfusions:
1. aplastic anemia +t t+
2. malignant hematological disorders ++
3. multiple myeloma (+) +

II Individual factors:

A) prognosis (course, complications, special therapeutic procedures,
for example bone marrow transplantation)

B) age of the patient

The local transfusion service should concern itself with prophylactic
measures against alloimmunization in these groups of patients. The cen-
tral registration should only be used when recipients have become re-
fractory to platelets of the local donor pool or when antibodies
against hihgly frequent red cell antigens are present. In this case
the local transfusion service must consult the central registration
concerning a suitable donor. The central registration categorizes and
stores data regarding blood donors which have been sent from the

local transfusion services. When this data has been compdterized, a
control file is sent to each submitting blood bank for checking and
correcting if necessary. When blood donors of a certain red cell or
HLA type are needed, all compatible donors are printed out by the
computer and the information is transmitted by mail or phone to the
transfusion service reqhiring the donor. Then this transfusion service
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will be able to Took for the best donor and contact the respective
blood bank if the donor is available (Schneider et al., 1978).

At this time, no strict criteria for the selection of blood donors are
applied for central registration. It is only necessary that the donor
be a long-term blood donor who is HLA typed. The highest degree of
efficiency could be expected if the criteria for selection would be:

- fast availability of the donor, since sometimes emergency cases re-
quire a special blood or HLA type;

- the blood donors should be younger males because of longer availabi-
1ity and the occurrence of hypervolemia in cell separations for
granulocytes which may have more negative effects in older donors;

- donor should behave highly reliably;

- those blood donors who could be used more widely without danger of
alloimmunization (blood group 0, Rhesus negative, Kell negative)
should have high priority for registration;

- if the HLA type of the donor is already known, those are best
suited who are homozygous for antigens which show broad
cross-reactivity (for example, a donor with HLA-B5 could be used
for cross-reacting antigens HLA-Bw51, Bw52, Bw53, B18, Bw35, Bw49);

- since blood separation with cell separators is easier with donors
with good veins, this should be taken into consideration;

- the donor should be free of red cell or HLA antibodies.

For mediation of blood donors via central registration the following
criteria are applied:

- if a distinct blood group antigen is needed or has to be avoided, the
selection of donors has to be performed with absolute correctness
in respect to this requirement. Furthermore, ABO, Rhesus and Kell
compatibility should be present

- if a certain HLA phenotype is needed, identity of HLA antigens is
sought from a complete match down to 56 %. Since HLA-B antigens are
of greater 1hportance, identity for HLA-B is preferred if full
identity is lacking. Here, too, ABO-, Rhesus- and.Kell-compatible
donors are preferred.

Experience with the central registration system has been good. The

central registration system was started in 1976; at present 13 887
donors from 20 local blood transfusion services are registered *

Footnote, continued on following page.

BDS Bad Kreuznach (Dr. Blitz, BDS Berlin 19 (Prof.Dr. Hoppe), BDS Berlin 45
(Prof.Dr. Briicher), BDS Berlin 21 (Dr. Brandenburg), BDS Bremen (Dr.
Zéckler), BDS Bruchsal (Dr. Schuhmacher), BDS Dortmund (Dr. Haase),
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The blood group antigens of the registered donors in addition to ABO
and Rhesus types are:

Fy2+ 3426 M o4 5611 Kp2+ 3
Fyl- 1680 M - 1314 Kp2- 177
FyPy 2832 N+ 4677 KpPs 262
FyP- 670 N - 1916 Vels 27
Ik 1965 P+ 5418 K + 107
Jk?- 617 P - 1793 KeK+ 42
JkPt 1844 Lud+ 157 K#K- 483
JkP- 640 Lu®- 1870 K-K- 13 000
Led+ 739 L+ 2007 S 767
Le®- 3456 LuP- 6 S+S+ 315
LePs 2210 Xg2+ 73 S+S- 1161
Leb- 951 Xg?- 21 §-5- 1888

Obviously, blood grouping has been performed to a different extent
with respect to the different blood groups of the respective donors.
While almost all donors are typed for Kell, only a few donors are
typed for some other systems. But nevertheless, rare types are
registered.

The numbers of donors positive for certain HLA antigens are given
below:

HLA-Al 4099 HLA-B5 1602 HLA-Cwl 524
A2 7186 B7 3614 Cw?2 1219
A3 4138 B8 2962 Cw3 2839
A9 1397 B12 2193 Cwé 2593
Al0 634 B13 899 Cw5 699

Footnote from previous page continued.

BDS Essen (Dr. Luboldt), BDS Frankfurt (Prof.Dr. Spielmann), BDS Freiburg
(Dr. Fetta), BDS Giessen (Prof.Dr. Miiller-Eckhardt), BDS Hamburg 62
(Prof.Dr. Heiss), BDS Hamburg 76 (Prof Dr. Hoppe), BDS Hannover

(Dr. Eckert), BDS K&ln 91 (Prof. Dr. Bube), BDS Koln 41 (Prof.Dr. Kriiger)
BDS Mainz (Prof.Dr. Arndt-Hanser), BDS Tiibingen (Prof.Dr. Schneider),

BDS Ulm (Dr. SpieB), BDS Wirzburg (Dr. Gossrau).
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HLA-A11 1490 HLA-B14 706 HLA-Cw6 63
A28 1099 B15 1952 Cw7 13
A29 641 B17 1174 Cw8 4
Awl9 58 B18 973
Aw23 245 B27 1255
Aw24 1311 B37 319
A25 362 B40 1716
A26 626 Bwl6 375
Aw30 143 Bw21l 386
Aw3l 118 Bw22 568
Aw30/31 487 Bw35 2592
Aw32 600 Bw38 221
Aw33 33 Bw39 181
Aw32/33 2 Bwél 61
Aw34 7 Bw44 1228

Bw45 45
Bw47 10
Bw48 1
Bw49 114
Bw50 59
Bw51 197
Bw52 13
Bw53 37
Bw54 2
Bw55 21
Bw56 9
Bw57 14
Bw58 3
Bw60 58
Bw61 17
Bw62 115
Bw63 4

From the table it can be seen that rare HLA antigens and HLA antigens
difficult to type are present at lower levels than expected. This may
be due to uncertain results in HLA typing or due to the fact that very
rare antibodies are not always used when typing blood donors.

Most requests for donors via central registration were submitted by
our own transfusion service belonging to the Tibingen University
Hospital mostly concerning platelet donors for bone marrow trans-
plantation patients. In the case of one such young woman with very
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extensive alloimmunization against HLA antigens, it was possible to
treat her during the critical period until her HLA-identical brother
could be flown in from Australia. The platelet products obtained were
good with respect to amount, quality and rapid availability.

In one case, HLA-compatible donors from another transfusion service
were sent to us for granulocyte separation within a short, critical
period of time.

The requests from other transfusion services are shown below:

request for certain

HLA type " blood group
1980 27 (3x for bone marrow 1 (anti-Cte)
donor)
1979 39
1978 48
1977 11 0

Through our central registration one donor for bope marrow transplan-
tation identical for HLA-A,B,C,D and DR with compatible blood group

was found for a transplantation done in Munich.

The apparently lower number of requests in 1979 and 1980 is due to the
fact that since 1979 a complete file for each local transfusion service
has been sent out three times a year so that the local donor pool

could be used in a more efficient way.

Despite the fact that the system is working well, some problems still
have to be solved to improve it further:

- fast and cheap communication via telex should always be available;

- the infrastructure of different blood banks varies; some of them
are still in need of cell separators;

- it is difficult to separate those donors who are still either fully
willing and/or able to continue blood donation from those whose
status has changed to less availability; this updating is necessary,
but difficult to implement;

- some blood banks are very short of man power making it difficult
to get rapidly required blood products or those not readily
obtainable in an optimal manner;

- HLA-typing and blood grouping results have not all been subjected
to extensive quality controls;

- more experience and study is needed in the area of cell preparation
transfer between centers.
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Though further problems will have to solved, experiences have generally
been good and progress in saving lives is being made.
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Chairpersons' Summary of the Discussion.

There seemed to be agreement that the series of papers of this first
session had adequately covered the scope of transfusion medicine and
of the tasks amenable to EDP support.

A vivid discussion was triggered by the last paper of SHUNTER and
SCHNEIDER. Concerning the support of his activities, Prof. SCHNEIDER
mentioned that he received lots of encouragement but failed to meet
willingness to share the cost. The need for public sponsoring of the
central registry of HLA typed donors is obvious.

It was also pointed out that tissue typing of donors is done at a
number of other sites but that centrization would be considerably
improved if data format and EDP equipment were standardized. This seems
to represent a worth while task for the EDP specialists and the
Society for Medical Documentation Informatics and Statistics (GMDS).

Finally, the issue of actuality and correctnes of the stored data was
raised. Prof. Kluge cited an example where the search for a donor
yielded two responses that indicated donors that were no longer active
with two out of the four remaining yields being in error with respect
to the exact blood type. This emphasizes the formidable problem of
maintaining and updating such central registries which can only be
improved by dedicated financial and organizational commitments.

J.R. Mohr
R. Roos



The Integration of Blood Transfusion Service into
a Central Hospital Information System

R. Klar

(Gottingen University Hospital, Department of
Medical Informatics)

In a historical review of the development of the Gottingen University
Hospital blood transfusion service its decentralized origin should be
considered which may be typical for many large hospitals. Several
medical disciplines in the same hospital had their own blood transfusion
services which were relatively poorly equipped but were fully inte-
grater into their funding disciplines. Only lately was the "service"
developed into "transfusion medicine", an independent scientific

branch of medicine. In this context and in order to render them more
efficient the several transfusion services were centralized and are now
seen as a normal medical discipline headed by a physician. This centrali-
zation and specialization led to great recent advances in transfusion
medicine but may also result in bureaucracy, lack of transparency, iso-
lated points of view, incomplete communications between hospital
departments, etc. Such problems are typical for modern medicine.

Objectives of the Integration

A hospital information system (HIS) can help to solve these problems.
The most recent book about HIS (7) describes this situation drastically
as a "Balkanization of medizine" but also presents a lot of EDP methods

for improvement. In accordance with WARNER (11), COLLEN (1) and
LINDBERG (7), Fig. 1 shows the objectives of a HIS.

The realization of HIS is generally oriented on the basic structure of
the hospital. Fig. 2 shows the parts of a university hospital (see
also COLLEN (2)). Only the main dependencies are drawn as connecting
lines. The blood bank (a short term for blood transfusion service) in
this model belongs to the ancillary departments and not to the supply
systems, as sometimes mentioned (12). Therefore, acquisition and dis-
tribution of blood differ necessarily from those of other stock

articles.
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- IMPROVEMENT OF COMMUNICATION:
SUPPORT FOR MANAGEMENT, CLINICAL AND
ADMINISTRATIVE ROUTINES

- EFFECTIVITY AND EFFICACY IN DOCUMENTATION,
I. E. DATA COLLECTION, UPDATE, SORT. STORAGE

AND RETRIEVAL

THE MAIN OBJEKTIVES OF A HOSPITAL INFORMATIONSYSTEM
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PIC.2: STRUCTURE OF A UNIVERSITY HOSPITAL
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Fig. 3 presents the information system of the Gottingen University
Hospital as an example of a functioning computerized HIS (4). Four

main EDP structures are shown. The computer applications for the trans-
fusion services are part of the data base and data communication system
(DB/DC) which is implemented in the Targe host computer of the clinical
computer center. Of course, other EDP concepts are realised and
described (synopsis by PAGE (8), EGGERT et al. (3), JURANEK et al. (5)
and the present proceedings). But, in our opinion, the centralizing
concept using a commercical DB/DC-system specially supports the inte-
gration of the transfusion service into a HIS.

Fig. 4 demonstrates the 3 main objectives of this integration: the
connection of the flow of information, sharing in the resources of
other clinical departments and of the computer center. The last men-
tioned objective emphasized that, in the normal case, there should be
no internal computer department within the transfusion service; the
use of computer support is essential for the transfusion service but
should be made possible by the central computer department of the
hospital - if available. The permanently falling costs of hardware may
allow the purchase of an internal computer. But the performance, the
system software, the file management, and the restart and recovery
procedures, etc. of an internal computer will generally be less
effective than those of a main frame computer. The permanently rising
costs of software and EDP manpower should emphasize the necessity of
sharing in EDP specialists of the clinical computing center. System
analysts, programmers, operators, etc. are necessary not only for
developing an EDP-system but also for error corrections, improvements
and for the production run of the program. Great advantages can be
achieved if the EDP specialists are available nearby, but they do not
have to work exclusively for the transfusion service.

Forms of Integration

The possibilities of the integration of transfusion service into a

HIS are shown in Fig. 5. As for the transfusion service, the connections
with the subsystems of administration, supply and research are drawn
mainly in the upper part, those with the subsystem of the health care
services are presented in the lower part. The transfusion service is
divided into three main parts, referring to the donor, the blood, and
the recipient.
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MEDICINE SERVICE
- MEDICAL BASIC - BACT. LAB, RESULTS
- STATISTICS INFORMATION
BIOMATH. - INVENTORY OF - PATIENT PROVISION
PROVISION -
- TEXT PRO-
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- BADGE READING
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PIC. 3: THE CLINICAL COMPUTER CENTER OF THE GUTTINGEN UNIVERSITY HOSPITAL. THE COMPUTER
APPLICATIONS OF THE HOSPITAL INFORMATIONSYSTEM OR REFERRED TO FOUR BASIC HARD-
OR SOFTWARE SYSTEMS.

1,) CONNECTION OF FLOW OF INFORMATION.
- LESS REDUNDANCY (E.G. LESS MULTIPLE
ANALYSES FOR THE SAME PATIENT)
- BETTER, MORE AND FASTER COMMUNICATION
- AVOIDANCE OF UNCONTROLLED LOST OF BLOOD
- NO WRONG BLOOu FOR THE PATIENT :

2,) SHARING IN THE RESSOURCES OF OTHER

CLINICAL DEPARTMENTS

- LABORATORIES
- RADIOLOGY

3.) SHARING IN THE RESSOURCES OF THE COMPUTER CENTER

- HARDWARE
- SOFTWARE
- EDP MANPOWER

PIC. 4

AIMS OF THE INTEGRATION OF THE BLOOD TRANSFUSION

SERVICE WITHIN A HOSPITAL INFORMATION SYSTEM.
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Donor-oriented Connection with the HIS

The information about the blood donor can be structured into adminis-
tration, scheduling, medical examination and monitoring of the donor.
There are only few connections to other parts of the hospital, e.g., in
hospitals where donors are reimbursed (like in Gottingen) their checks
are printed on-line after the admissions dialog, and all necessary
information for the budget control of the hospital (on-line) and the
accounting system (batch) is prepared. An admission and scheduling
system support several internal information flows and an important
connection with the recipient-oriented part of the HIS. Already in 1973
ROOS and BUSCH (9) presented detailed concepts for such connections. In
this context, a scheduling system for donors, whose blood is required
the same day for planned transfusion, e.g., heart-lung machine
operations, is most important to guarantee careful coordination of
donation and transfusion. In Gottingen, the operation plans of the
dialog system for OP-scheduling are used for these purposes by the
transfusion service.

For medical examination, to check and monitor the donor's health and
ability for donation, the donor, with the aid of the computerized
patient management system, is led to the Dept. of Radiology, Dept.
of Internal Medicine and, possibly, to various other diagnostic or
even therapeutical departments of the hospital. In such cases, the
donor and his/her data are managed and treated 1ike a normal out-
patient; however, the automatic billing procedure is suppressed.

Blood-oriented Connection with the HIS

After the blood donation different labs perform various tests. The
tests that are carried out externally are of special interest for this
paper. In these cases, the classical problems of clinical laboratory
medicine arise: different ways of transportation of specimens and
requests, linkage of requests and specimens within the lab, trans-
mission of the test results back to the requirer, medical record
linkage for all test results and further data of the tested person.

The solution of these problems can be supported by computer methods
like positive specimen and request identification by automated

reading methods, on-line transmission of results and, in special
cases, of the request to the transfusion service and to the data base.
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On-1ine interfaces of the automatic analyzers can fullfill these demands
in a well known way shown in the process of automatization of clinico-
chemical and hematological labs. These labs should also be used for the
transfusion service in cases of breakdown and overloading of the
internal analyzers. But the procedures of internal and external Tlabs
must be standardized. At Gottingen University Hospital the analyzers
(Coulter Counter, Groupamatic, enzyme analyzers are not yet on-line
connected to the computer. But this linkage has been realised for
several years for the clinico-chemical and hematological central labs.

A specially dedicated computer system works for these labs and transmits
the results via clinical computing center to the wards and central

data base. By using this model it should be possible to transfer the
results of blood tests to the blood bank data base in a fast and less
error-prone way.

Microbiological tests are often performed in an external lab, and
automatic analyzers are rarely used. With the computer terminal of the
bact. lab in Gdttingen, an on-line transmission might be possible but
is not used. A telephone call for the very few positive results and a
batch-generated 1ist for all other microbiological blood data are
sufficient.

The surveillance of the blood bank itself in the form of a permanent
inventory, which in Gottingen is performed in a dialog program system
for the general supply an the pharmacy, does not seem to be necessary
at our stage of computerization and there are only a few direct
connections with the HIS. The receipt of blood and blood component
units from external blood banks as well as the return of unused blood
or the delivery of own units to other blood banks are registered in
the blood bank data base and handled by the financal and administra-
tive systems.

Recipient-oriented Connection with the HIS

For every potential recipient of blood or blood components, i.e. about
60 inpatients per day, the blood group (ABO-Rh-system) and irregular
antibodies are determined already at the beginning of his/her stay.
With only a few exceptions, the transfusion service alone performs
these tests and the cross matches for all clinical departments. With
regard to a HIS, the above mentioned linkage problems of laboratory
medicine are to be solved. In addition to the diagnostical tasks of
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the normal clinical labs, the labs of the transfusion servite are also
responsible for therapeutical surveillance, i.e. for the preparation
and control of the transfusion. In spite of these facts, it does not
seem to be necessary to build up a special communication system for
the tasks of the transfusion service in and for other hospital depart-
ments; The existing transport and transmission media should also be
used for the purposes of the transfusion service. At Gottingen Univer-
sity Hospital the small automatic transport medium (telelift) carries
specimens and requests from the diagnostic and treatment units to the
labs. The message switching system, mentioned in Fig. 3, sends the lab
results back to the wards, OP-office, etc. which are all equipped with
very inexpensive telephone terminal sets. More than 70 telephone
terminal sets, consisting of a telephone, a TV-set and a miniprinter,
are spread over the whole hospital and connected via a front-end
computer with the host computer of the clinical computing center. The
DB/DC-system supports this connection and performs the data management
in the databhses.

As mentioned above, the lab results of the clinico-chemical and
hematological labs are automatically handled in this way, and in the
near future this will also be done for the blood type results. With
this method the service for the wards will be improved; a quality
control by retrieving previous findings can be supported for the lab;
unnecessary multiple determinations for the same patient can also be
avoided, and highly valid and reliable data is stored for research
purposes. As of now, the information on a patient's blood group is not
entered as near to the origin of these data as intended but in the
Ward offices by a special dialog program for the support of basic
medical data (KLAR et al. (6)).

SHERER et al. (10) have developed and tested three automatic donor-
recipient identification systems as a means of reducing human errors.
None of the systems proved acceptable under clinical conditions. We
had undertaken similar attempts with bar code reading in 1975. But in
the meantime further developments were successfully implemented and
will also support the integration of a transfusion service in a HIS
(ref. to the present processings).

The coordination of blood donation and planned transfusions has been
mentioned above. Most orders for blood and blood components units can
be met by using the buffer of the blood bank. Different form of
distribution are possible (PAGE (8)). In Gdttingen, we deliberately do
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not apply the common dialog program system used for material requests

for blood requests. For orders of blood and blood components from
surgical operating theatres the transfusion service receives the

entire record of operations one day ahead: patient identification,
diagnoses, risk factors, operation, surgeons, anaesthetists, blood

group, estimated number of units etc. With this information from the

HIS the physician in the transfusion service can decide more easily
about type and quantity of needed blood or blood components respectively.
On the other hand the ordering person does not have to inform the
transfusion service about this data.

A special communication system does not yet exist for all requests
coming into the transfusion service from outside the OP-region.

The documentation of the requests and especially of the transfused
units and the result of the transfusion can be supported by HIS for
every department involved. E.g., in GOottingen there is a separate
dedicate computer system for the intensive care units and all trans-
fusion data is processed by this ICU system. The anaesthetists, who
are responsible for most transfusions, keep the records of anesthesia
and transfusions on a special form which contains patient and unit
identification, unit type, infused quantities etc. and which can be
used as a data entry form for further computerized evaluations. The
above mentioned OP-scheduling system includes a post-operative part
for data entry and storage of transfusion data. Of course, the blood
transfusion service and the central archive receive a feed-back about
the units used or not used. This information is as yet still written
by hand in the computer-prepared lists of blood units. Further
computerized procedures are known and will perhaps also be introduced
in Gottingen.

Summary

In general, EDP applications for a hospital transfusion service start

by supporting the administration of donors' data. This can be done
almost independently of a general and patient-oriented hospital
information system (HIS). This autonomous start within EDP should not
lead to further independent programs which neglect important sur-
rounding clinical interactions. Various connections between the trans-
fusion service and other parts of the hospital can be successfully
built up and managed by the computer. The integration of the transfusion
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service into HIS supports the transfusion service itself as well as
the overall services of the hospital.
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1. System design

For the last thirty years, the frequency of blood transfusions has been
continuously increasing. At the same time, the demands for blood
components and for a differentiated selection of blood units increased.
Information handling using traditional tools became difficult, was
defective and produced intermittent shortages or excesses in bloodbank
inventory. Therefore, in the University Hospital Eppendorf (Hamburg)
electronic data processing has been used since 1970 for supporting blood
transfusion activities. The information system for the Department for
Transfusion Medicine in the University Hospital Eppendorf described in
this report has been operable since 1979. The development of TRAMIDIS
(Transfusionsmedizinisches Informations- und Dispositionssystem) had
been sponsored by the Bundesminiterium fiir Forschung und Technologie
(Federal Ministry for Research and Technology). The main interests in
building up this information system were the following:

- to guarantee the supply of the hospital with blood and blood

components by

-- improving the efficiency of the donor pool without additionally

burdening the single donor;
-- getting a better donor retrieval;
-- reducing the rate of outdated blood;

~-- applying methods of operations research in donor administration
and inventory policy.

- to improve medical check-up for donors for preventive-medical reasons.

- to reduce human errors in preparing blood transfusions.
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The system was intended to control the information flow and to be the
basis for decision making in blood transfusion service. Therefore

- the stored and processed data had to be topical. For this purpose,
data acquisition in a machine-readable form has to be guaranteed
around the clock seven days a week

- the data has to be correct

- the data has to be complete.

A distributed data processing system was developed which is dialogue-
oriented to a very high extent. Though the data should be stored in a
central data base which is situated in the central computer - the
master node -, each of the different sections-"donor", "inventory and
recipient" and "laboratory" - were provided with a small computer -
satellite nodes - playing an exactly specified role in the overall
system (see Fig. 1).

The db/dc-system (data base / data communication-system) is operable
on a Siemens computer 7.738.

The connected display terminals are used data entry (e.g. for donor
administration) or for retrieval (e.g. donor retrieval).

Nixdorf MKC 840

The magnetic ledger card computer MKC 840 is specialized for the
following tasks:

- updating a magnetic ledger card index which is eye- and machine-
readable. This card index is used for checking the identity of the
donor numbers read out from the donor identity card and from the
magnetic ledger or from the data base respectively;:

- storing machine-readable data outside the central computer, and

- presenting the updated data in an eye-readable form for normal
office activitiess

- printing worksheets, journals and stickers before donation takes place,

- and if the central computer is not operable, storing the data
originating from donations on a magnetic tape until the data base
can be updated.
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There are three peripheral devices connected to the desk computer: a
video display unit and two serial printers for producing worksheets

and stickers. When the central computer is operating, the desk

computer acts as three local terminals of the central computer using

its intelligence to emulate the device interfaces and to switch data
streams. But when the central computer is not in working order, the desk
computer is used for data entry and data storing, checking the entered
data with almost the same rules as the central computer would do but
without any context check to the data base.

The hardware of the data processing system for the medical-chemical,
haematologic and immunologic laboratories is a Siemens computer PR 330.
The laboratory requests may be directly entered at the video terminals
of the PR 330 or may be transmitted via the 7.738 when entered at the
MKC 840 or the desk computer. There are only temporary files on the

PR 330, long-term data storage being carried out by the db/dc-system.

The system for patient admission runs on the real-time system TR 86.
The recipient file of TRAMIDIS is updated off-line by this system at
least once a day. Thus, in TRAMIDIS there normally is a direct access
to the personal data of in-patients, their status and their actual
ward without any assistance by the medical staff in the transfusion

service.

Fig. 2 illustrates the connections of the computers on the software
level. There is a very intensive data communication almost exclusively
within the transaction system, thus avoiding file transfer. In this
software solution a mode of operation exists by which the display
terminals of the satellite node PR 330 have equal access rights with
the terminals directly connected to the master node.

The star structure at the hardware level corresponds to a star structure
at the software level. The different systems play different roles
concerning the db/dc-system. This is determined to the working
conditions existing when the db/dc-system fails. In this case, the
desk computer changes its role and is used only as a comfortable and
powerful data entry system. On the other hand, the MKC 840 and PR 330
go on working but without having access to data base. Therefore, the
data has to be stored in temporary files of the satellite nodes until
the data base update can go on again.
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2. Experiences

The system has been operable since 1979. Until that time the MKC 840 had
been working for a longer period. It, therefore, had to be integrated
into the overall system. The experiences gained since that time show
some pitfalls and hazards of a system approach based upon distributed
data processing.

- Synchronization
The most dangerous pitfall of the system presented is hidden in the
sometimes lacking synchronization of file update, which may occur
when the master node is not operable or when data transmission from
the patient admission system is interrupted or comes in late. When,
in these cases, laboratory requests are processed, personal data may
be entered which are not compatible to the data that will later be
transmitted from the patient admission system. There is another
reason for diverging data:
when a data base update is directly entered on the terminal of the
master node, a search for another occurrence of the updated record
in the various satellite nodes is omitted because of the resulting
heavy overhead.
This is why complex rules were set up as to how to proceed in record
linkage.

- Compatibility
TRAMIDIS does not include homogeneous hardware. The dialogue programs
communicate with different display terminals connected to different
computers. Therefore, renouncing some desirable features, a virtual
terminal for all computers in the star had to be defined.

- Complexity
The system design for a distributed system is more complex than that
for a single computer system. The presented system may fail in parts,
thus leading to different situations with regard to the consistency
of data. This has to be taken into account in program design.

- System structure
The distributed data processing system is structured 1ike a star. The
db/dc-system is the master node to which the satellite nodes are
connected. Data flow control is maintained by the central node. Local
data flow control within the subsystems is done by the satellite nodes.
If there is a failure of the master node, the system disintegrates
into independent dedicated systems with no data communication between
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them. A ring structure or a fully connected configuration would have
more redundant communication paths. To achieve such a system would
be much more difficult

- Suboptimization
In this project the existing MKC 840 was to be integrated into the
system. The information flow in this satellite node was formerly
fixed to give an optimal support of donor administration as a stand-
alone system. But the former optimum within the satellite node
prejudiced the total system design and turned out to be a suboptimum
within the overall system. )

- Manpower expenses
In the computer centre there is greater need for manpower than for a
single, maybe larger computer system. First of all, more specialists
have to be familiar with more operating systems; furthermore,
programming in different programming languages places a burden on the
staff of the computer centre and, last but not least, the operating
is more complicated. '

The most important advantage of the distributed dp-system is without
any doubt the

- higher availability for data entry and process control. If one node
fails, the remaining nodes continue to work with a slightly reduced
performance. The system structure and the organizational concept are
outlined in a way that the working areas remain fully operative even
if a satellite node fails.

With this system, the goal of a permanent data acquisition for on-
line od off-line data base update is fully accomplished. The basis
for a computerized support of decision making is given.

- Modularity
The benefits resulting from a modular system are:

-- the system components can be set in operation successively;

-- arising errors normally have limited consequences in a distributed
system;

-- trouble shooting is easier. The affected system is comprehensible,
or a necessary shutdown of the affected system does not require a
coordination between several users.
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- Transparency
The users in the working areas normally communicate with their
corresponding node which is, because it is smaller, more transparent
than a huge and complex computer system. They are motivated to a
higher extent because they work with their own system.

3. Conclusion

The benefits of distributed data processing outweigh the drawbacks.
Especially two points support the use of this distributed system:

the higher availability of the overall system or individual urgently
needed system's components and the limited consequence of failures.
The system design has been essential for the system being accepted by
the medical staff so soon. The above quoted goals for improving blood
transfusion service have been attained.
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The Laboratory Data System as an Integral Part

of an EDP System for a Blood Donor Service

J. Beyer

DRK Blutspendedienst Niedersachsen, Institut Springe

. Introduction

Within the regional blood donor services of the German Red Cross
some 2 million blood donations have to be processed per year. Their
related data have to be generated, acquired, processed and archived.
The volume alone is reason enough to apply EDP. This has been reco-
gnized early in the 70ies within the blood donor services of the
German Red Cross (DRK) of Rheinland-Pfalz and Niedersachsen (Lower
Saxony). Within these institutions smaller EDP systems were
installed as a consequence. These were to support subdivisions of a
blood donor service such as donor administration, labautomation,
the disposition of blood units and blood products but also the
administrative sector.

The experience gained prior to the year 1975/76 was incorporated in
the systems which are now in operation. These rely on data bases
and affect integrativelly all areas of a blood donor service.

The scope of laboratory investigations

A considerable volume of data in the context of a blood donation is
generated in the laboratory. EDP support has to account for the re-
quirements set up by the Bundesdrztekammer with respect to the
technology applicable to blood group determinations and blood
transfusions (1). The guidelines specify the laboratory tests that
are required for a release of a blood unit.

These comprise the following programme:

1 Blood typing serology

a) Determination of blood type characteristics -ABO-, Rhesus-,
Kell-, others
b) Antibody determinations

- Isoagglutinins, hemolysins

Translation by J.R. Mohr on the basis of a condensed version of
the paper delivered in German.
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- Search for and determination atypical o: irregular
antibodies

2 Lues serology

- TPHA test
- eventually FTA/ABS test
- eventually flocculation test (e.g. CMT)

3 Hepatitis serology

- HBg Antigen determination (RIA or EIA)

4 Clinical Chemistry

- SGPT determination.

A significant characteristic of this spectrum of laboratory tests
is the different data structure of the results. This complicates
automated processing.

Particularly the results of blood type serology pose problems since
they involved a historically evolved nomenclature.

Since so far no norms have been agree upon - neither nationally nor
internationally, the mode of presentation is applicable, which is
described in the guidelines and regulations referred to above. It
is possible to use internal abbreviated codes in communication
between laboratory and EDP system. However the required mode of
representation has to be used in the declaration of the blood unit.

Possibilities for integration of laboratory data

An important task for integrating the laboratory system into a
common EDP system for a blood donor service consists in the dele-
lopment of a concept for optimal acquisition and processing of

the different structures of data. This can be achieved by stepwise
extension of the laboratory system while paying particular attention
to a flexible processing of laboratory data and minimal disturbance
of the system. The current status of technical laboratory equipment
and the work processes within the laboratory facilitates this kind
of procedure.

In a laboratory with minimal application of automatic procedures
the interface via terminal is adequate. The results of analysis
represented in work sheets can be transferred to computer for
evaluation, analysis and compact presentations.
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The link to a central computing facility results frequently in an
undesirable "one way effect" in the direction of the central

processor.

This effect may be some what moderated by the issuing of various
control listings. However their use is consuming considerable time
and personnel. The expected rationalization effect is also hardly
discernible since a lot of monotonous work at the terminals has to
be accomplished in addition to the manual analysis. This may be
associated with an increasing number of errors if the data volume
increases.EDP application may therefore be sustainable only for a
limited period of time under these conditions.

If data processing is consecutively extended to a decentralized
laboratory system, this initial stage of EDP remains only relevant
as a back up for the decentral EDP system for data acquisition.

In order to really utilize the advantages of EDP in face of the
large quantities of data, it is necessary to automate the laboratory
procedures as much as possible. The increase of the cost of
laboratory equipment may be a limiting factor, however.

A reasonable solution consists in the creation of modular autonomous
analysis equipment. This concept has been developed particularly

by the Laboratory Data Processing Group (Arbeitsgruppe Labor EDV)

of the Medical School Hannover (2).

These analyzers may be used independently of an EDP system. End-
results are, however, presented at the exits of these devices in a
uniform standardized manner and completed with identification data.
The record structure should comply with recommendations established
by a group of experts of the GMDS (3)..

The availability of high level low cost micro computers decreases
the problems of adaptation and integration in a laboratory system
because these may be used for the purposes of evaluation and

formatting of such data, on the basis of such standardized inter-

faces.

Their application for data acquisition and preprocessing increases
also the flexibility of laboratory computing, since the micro-
computers used for evaluation may be adapted to desired or necessary
improvements through programming or exchange of PROMs or EPROMs.

The results of analysis determined by such modules may be transmitted
off Tine as well as on line to a hierarchically superimposed labora-
tory computer for condensation and processing and may then be
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transmitted to a central computer facility. (figure 1, stages 2 and 3)

Sample identification can most easily be achieved by using the
serial blood unit number. This may be recorded including the data
in an intermediary file for each day. This procedure involves the
handling of a person's identification only within the laboratory.
This situation is in good accordance with the German legislation
pertaining to data confidentiality.

In our system there are fields reserved within the records of the
sample number file. These receive the laboratory parameters required
for release of a blood unit as they become available during the

day. Transmission to the central computer is only effected if all
required laboratory results are available. Incomplete data sets are
identified as remaining records and retained within the laboratory
computer.

This protects the central computer against incomplete data sets and
enforces workup of the missing laboratory investigations.

Complete interleaving of laboratory system and central computer
includes finally a confirmation from the central computer concerning
the acquired complete data sets, and eventually also refused data
sets including an explanation of the refuse. This completes the
information 1loop between laboratory system and central EDP facility.

Conclusions

Consequently a satisfactory integration of a laboratory system into
a comprehensive EDP system for a blood donor service has to observe
the following principles:

1 Laboratory and EDP Service of a blood donor service should
cooperate offline since they represent separated subunits,
not only functionally, but also with respect to direction and
responsibility. This kind of cooperation has the advantage of
decreasing technical demands as well as costs and decreased
susceptibility to errors and failures.

2 Equipment (analyzers), computer hardware and software should
be composed modularly for increased flexibility. Software
should support simple dialogue modules which may be used and
adapted within the laboratory without EDP specialists.

3 Data structures should be configured uniformly and simply for
simpler processing. The work place should issue the result and
related identification number
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4 The results of different work places should be processed with-
in the Taboratory computer so that actual information concerning
the analyzing procedures is available and that only complete
records are transmitted to the central EDP facility.

5 A confirming feed back from the central computer is particularly
important.
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ON-LINE DATA ACQUISITION IN THE LABORATORIES OF THE RED CROSS BLOOD
CENTER OF ULM (GERMANY)
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1. Advantages of Data Processing in the Laboratories

Among several possibilities of data processing in the laboratories of
a Dblood center, on-line connection of automated laboratory equipment
is the best way to achieve economical and safe data acquisition. Fur-
thermore, data processing in the laboratories of a blood center is ex-

pected to achieve:

- sample identification, either directly or by print out of working
lists,

- control readings of blood groups,

- the assembly of all - laboratory data and control of further blood
processing,

- documentation and storage of all data,

- quality control.

These were our expectations when we started to install data processing
facilities in the laboratories of the Red Cross Blood Center at Ulm
about three years ago. Since data processing systems of other blood
centers could not be used without major modifications, we decided to

develop a system of our own.

2. Configuration of the EDP Hardware

After requesting offers and looking at those received, we decided on a

NOVA 3/D of Data General, which configuration is given in Figure 1.
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Fig. 1: Configuration of the EDP hardware

The laboratory equipment and the CRT terminals of the laboratories are
connected directly or via a microprocessor to the multiplexer of NOVA.
Data transmission ©between the laboratories and EDP takes place by
four-wire telephone 1lines. The maximal line length is about 200 me-
ters. Due to the 1long lines, we preferred to use 20mA current loop

connections.

3. Transaminase Laboratory

The first laboratory where we installed EDP was the transaminase labo-

ratory. The devices of the laboratory are given in Figure 2.

Basically we tried to get almost all data which are produced in the
laboratory as electrical signals and to transfer them to the EDP sys-
tem on-line. Of course, sometimes manual data acquisition is necessa-
ry. Also a lot of data has to be displayed for control and correction
purposes. Furthermore, messages, error messages, and information for
quality control have to be passed from the computer to the laboratory.
Therefore, we installed a CRT terminal in each laboratory.
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Fig. 2: Devices in the Transaminase Laboratory

Transaminases are determined by an Eppendorf -enzyme-analyzer which is
now connected to the data processing on-line. The identification of
the samples takes place with the CRT terminal. Therefore, the numbers
of samples under investigation are typed into the terminal. Of course,
not all the numbers of all the samples have to be typed.

It is sufficient for the technician to put in the location of the
blood donations. The computer already knows, which blood bag numbers -
which are identical with the numbers of the sample tubes - have been

used at this location.

The laboratory technicians can use the CRT terminal for general output
and for requests, e.g., the values of all control samples, the values
of all samples or the value of anyone sample can be displayed. Values
which are outside the expected range are stressed optically and by a
peep sound. There were no problems with the on-line connection of this
analyzer. Although the machine has already been in operation for 7
years, its manufacturer installed a 20 mA current loop interface with

a velocity of 2400 bits per second.

In programming the service routines for this analyzer, we had no se-

rious problems. Merely for the recognition of the zero values and the
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We had no problems in building the interface for the W&W gammacounter.
Only a few measurements and tests were necessary. However, programming
for data acquisition from this gammacounter raised several problems.
First, the computer gets all the information which is passed to the
printer from the gammacounter as one data block. The lengths of the
data Dblocks are different and £hey contain headlines, meanes and so
on, as well as the data themselves. The end of a data block indicated
by a carriage return and line-feed is transfered as the first charac-
ter of a new data block. To overcome this, we stored the data in a
circle buffer. The circle buffer is checked for data values in time
slices. In case data values are present, they have to be passed on the
processing unit. The programs for all other laboratory equipment and
for the terminals filled one task each. Only for the W&W gammacounter
were two tasks necessary. One task consists in organizing and control-
ling the circle buffer, selecting the values and passing them to the

second task which processes the values.

In contrast to the W&W gammacounter, the LKB gammacounter has no
intelligence. The laboratory technicians had to compute the final re-
sults from the output of the counter. This work is now done by the
computer which saves time and mistakes. For the on-line connection of
this counter we had problems with the hardware. The printer connected
to the LKB counter does not have the usual serial input, but it is a

special printer with parallel input (s.Figure 4).

From ten wires in all, seven are used for data transmission, one has
the strobe, one switches the power of the printer's engine and one is
the ground. Parallel data transmission would in itself create no
problems but the data pulses on the wires including the strobe have a
very poor swinging-in condition. This is due to the mechanism of the
printer and can be seen in the lower part of Figure 5. Secondly, the
signals on the wires come at different times. The time lags are no
problem for the slow mechanical printer but this is the case for the
computer. To get a reliable signal identification, we needed a more
complicated interface. The interface has to recognize whether a signal
is only an error spike or a true l-bit and it has to overcome the time
lags Dbetween the signals on the different lines. The solution of the
problem was to set a mono-flop for each wire after the start of the
signal. The mono-flop has a time constant which falls in the intervel
behind t, ;. After this time the mono-flop gives the information to a
RS-flip-flop. For the strobe the same circuit is used as for the data
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reference values we had to define in which positions of the sample

chain zero values and reference values may occur.

4. Radio-Immunoassay Laboratory

The second

munoassay 1aboratory;

Figure 3.

laboratory which was connected to NOVA was the radio-im-
The

equipment of this laboratory is shown in
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Fig. 3: Devices of the Radio-Immunoassay Laboratory
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The CRT terminal does the same job, as in the transaminase laboratory.

Sample identification is carried out by a working list which is prin-
ted out by NOVA.

The Kontron W&W gammacounter as well as a LKB gammacounter are now on-

line connected to NOVA.

manufacturers

Therefore,

we

were unable

These counters are not very modern and the

to install a data processing connection.

had to build up special interfaces for these counters.

In order not to make any changes in the counters, we cut the lines be-

tween the counters and their printers, mounted cannon plugs and built

in our interfaces as an Y-distributor. Thus, we can easily come back

to the previous stage at any time for maintainance and service of the

counters.
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wires. Therefore, the strobe is transmitted later, the duration being
in the range of some nano-seconds. When the strobe is transmitted, the
RS-flip-flops of the data lines pass their information on, to a paral-
lel to serial «circuit. Then the character signal goes via an opto-

coupler to the multiplexer of NOVA.

LKB « GROUP .
10 wires
WALLACE
80000 Inter -
GAMMA SAMPE face
COUNTER
1
s [
b b
I b L
b I
' | ! :
t L + + P otem
ta tx1 Y th \jt t
T e
data pulse

Fig. 4: Interface between the LKB Gamma Counter and the Multiplexer

Data processing of the radio-immunoassay laboratory has now been wor-
king for about six months. During this time we had not transmission
errors between the gammacounters and NOVA. Programming for this labo-
ratory was rather voluminous. The handlers for both counters, and spe-
cially for the W&W counter, were more complex, but much more work had

to be invested for the programs for organization and data processing.

Several times we had suggestions from the laboratory technicians which
improved the organization of the laboratory and reduced possible mis-
takes. We had to change several programs and some of the programs had
to be completely rewritten. But this does not worry us because one of
the reasons for developing our own system was to be able to include

suggestions from the laboratory technicians.
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5. Serological Laboratory

At the present time the laboratory analyzer for automatic determina-

tion of blood groups is under construction which is indicated by the

Multiplexer
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Fig. 5: Equipment of the Blood Group Serology Laboratory

Today all data from the serological laboratory have to be typed into a

CRT terminal manually. These data are:

- blood group determinations by a Technicon Autoanalyzer (BGS),
- manual blood typing for first time donors,

- backtyping for first time donors,

- lues screening (TPHA),

- antibody screening,

- haemolysins.

Data acquisition with a terminal had to be programmed anyhow, because
in future the machine for the automatic determination of blood groups
may have a breakdown and, in this case, manual data acquisition will
be necessary. The data are acquired by dialog for which CRT masks are
used as well as the terminal roll-up. Of course, all manually acquired

data are checked for plausibility in all laboratories. Further, alrea-
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dy acquired data might have to be changed, but data which will have to

be changed are marked.

In the serological laboratory only one laboratory equipment is now on-
line connected. This is an autoanalyzer, manufactured by Technicon,
which is used mainly for scientific investigations. This autoanalyzer
has no on-line connection, but it has a curve writer, as you can see
in Figure 5. On the axis of the curve writer we mounted potentiometers
to get analog data signals. The analog digital conversion is performed
by a microprocessor system. The microprocessor system has a floppy
disk of 89 k-byte and a CRT display. The digitalization frequency can
be set by typing into the CRT terminal. Additionally, the laboratory
technician can specify, whether the data are to be stored on the flop-
py disk or sent directly to NOVA. Data transmission between the floppy
disk of the microprocessor and NOVA is also possible. The microproces-
sor was necessary because it was too difficult to transmit analog sig-
nals over a distance of about 100 meters. The installation of the po-
tentiometers in the autoanalyzers, the installation of the AD- con-
verter, and the programming of the microprocessor was performed by a
small computer firm. The programs are written partially in BASIC and
partially in ASSEMBLER. Unfortunately, the operating systems of the
microprocessor are not available to us. Thus, we cannot make any chan-

ges in the program of the microprocessor system.

r

6. Acquisition of the Information of the Donor Card and Printing of

the Blood Bag Labels

Two barcode readers are also connected to the multiplexer of NOVA. One
of these barcode readers is produced by the firm Data Logic and the
other 1is manufactured by Inter-Mec. The barcode reader of Data Logic
is interfaced to the multiplexer with an E/A interface. First we tried
to connect this reader like all other EDP devices with a 20 mA current
loop interface. But we had serious trouble with the hardware; probably
there were framing errors which could not be corrected by software. In
our opinion, this is a worst-case-problem between multiplexer and bar-
code reader. We were unable to overcome this problem without the co-
operation of the field service people of the EDP system. It is a pity
that Data General did not give us any help at this point. Finally, we
connected the barcode reader to the already mentioned E/A interface

and had no problems. This barcode reader is used to read the donor's
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most important data, e.g., blood formula, sex etc. from a form, filled

in during the donation.

Later on, we connected a barcode reader produced by Inter~Mec without
any problems with 20 mA current loop interface. This was necessary be-
cause this reader had to be installed in the department to deliver the
blood products which is 150 meters away from the computer. With this
barcode reader the labels on the blood bags are read for checking pur-

poses.

In future, the labels for the blood bags will be printed out by a co-
loured-label-dispenser. This device is now under construction and will
be 1in operation in about two or three months. The coloured-label-dis-
penser is an accumulation of ten small printers, each for a different-
ly coloured label. It is microprocessor-controlled and two of the ten
printers are in reserve. A change to one of the spare printers can be

effected by hardware or by software.

7. Software

NOVA is used with the realtime operating system RDOS in multi-tasking.
The foreground as well as the background of the operating system are
used for routine work. The initialization of the specially confi-
gurated operating system takes place by a seperate task. This initia-
lization task requires the input of the range of the blood bag numbers
used at the different collection locations. Then the two grounds can
be started or stopped independently. Figures 6 and 7 give an overview
of the foreground and background tasks. All application programs are

written in FORTRAN with realtime extensions.

In the background there are ten tasks. Only one of these tasks has ac-
cess to the disc memory. This organization was necessary due to a weak
point in the operating system. If more than one task has access to the
disc memory, it can happen that the records are written to or read
from the wrong disc location. The problem or (to say it more precise-
ly) mistake may be explained by an example. Assume, all tasks have ac-
cess to a file called "working file". Assume further that the trans-
aminase analyzer sends data to NOVA. The task EPPEN, which is respon-
sible for this equipment, receives the data, processes them, and wants
to write them into the "working file", maybe into record X. Assume an
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interrupt will happen and control is taken off the task EPPEN after
positioning the head of the disc memory on the cylinder which contains
the record X, but before the data are actually written. When later on
the task EPPEN gets control back, the run-time-system does not check
if the head is still on the correct cylinder. The task EPPEN continues
to write or read its data. In case the head has been moved during the
time when the control was taken off, data are written into a wrong re-
cord or read from a wrong record. Therefore, we had to see to it that

only one task has access to the disc memory to prevent such mistakes.

TRIFTFILE
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WUW WORKING| |CONTROL :.J Q
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BARCODEB
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Fig. 6: Structure of the background tasks
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v , FILE FILE MAGTAPE
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Fig. 7: Structure of the foreground tasks
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Except, for the two tasks STARTB and DISKIO, all tasks are servicing
devices or do special processing work. Each task consists of several
programs which are loaded as overlays. As an example for the structure
of a task, we took the task EPPDIA and showed its structure in Figure
8. This task consists of 12 programs, only 3 of them namely "INPUT",
"CURS", and "SZNRB", being resident in the main memory. The other pro-

grams are loaded as soon as required.
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Fig. 8: Programs of the task EPPDIA

In the discussion the chairman referred to the GMDS standard for in-
terfacing laboratory equipment. This is really a good comment, but our

gammacounters could not fullfill this standard.



ACTUAL DEVELOPMENT IN MACHINE READABLE IDENTIFICATION

C.J. Wall F.I.M.L.S.
Senior Scientific Officer
Travenol Laboratories Ltd.

Norfolk, England

The system of Codabar style labels now used within the United Kingdom
was developed by the Working Party for the Introduction of Machine-
Readable Labels into the National Blood Transfusion Service.

This Working Party was formed in October 1978, following informal dis-
cussions between six of the U.K. Blood Transfusion Regions who, at that
time, had acquired automated blood grouping equipment which required
the interpretation of bar-coded labels.

The goals of this Working Party were twofold:

The first was to consider alternative proposals for the design of
machine-readable labels with the key information in machine-and
eye-readabte form and to put forward recommendations to the U.K.
Regional Transfusion Directors Committee and

secondly, to ensure that any recommendations had sufficient flexi-
bilitiy to allow for the differing needs of the individual regional
transfusion centres.

An early decision taken by this Working Party was to follow the recom-
mendations of the Committee for Commonality in Blood Banking Automation
(C.C.B.B.A.) report with respect to the bar code numerics of the
various labels, but to use that report as only a guideline when design-
ing the label formats for use in the U.K.

The following will now give.you some indication as to the system of
labels currently in use within the U.K.

The labels can be divided into 5 types:

There are the Blood-pack Labels,
the Donation Numbers,
the Blood group Labels,
the Special Oversticker Labels,
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and the Product Labels.

The first, the Blood-pack label (see Fig. 1), was designed as the
result of teamwork between the Working Party and the Scientific Serv-
ices Group of Travenol Laboratories (that is to say Fenwal) in the U.K.
Fenwal became involved with the working party at a very early stage and
has worked in close conjunction with that group for the last 2 years.
The label, which I will call the intermediate label for reasons which
will become apparent later, was designed by Travenol Fenwal so that it
would be acceptable to those transfusion centres using automated systems
and also to those using manual techniques. It was designed to provide
the most efficient and logical placement of vital information with the
correct emphasis on those statements regarded as being of greatest
importance - for example:

Cross-match before transfusion;
Identify recipient as partner to X-match, and
Do not vent.

In addition, it was designed so as to retain details of the anticoagul-
ant, various instructions and storage details as dictated by the vari-
ous regulatory documents such as the British Standards and pharmacop-
oeial monographs.

As you will see from the slide, the only preprinted information which is
in machine-and eye-readable form is the product code, which in this

case is ACD whole blood. However, the label was designed so as to act

as the matrix for the addition of the various oversticker Tlabels which
carry their information in an eye-and machine-readable format. To this
end, the basic pack-Tabel is, therefore, mutually compatible with the
oversticker labels.

Similary with the transfer pack-labels (see Fig. 2). These pack-Tabels
when fully overlabelled, appear as in the slide (see Fig. 3).

Earlier I mentioned that the blood-pack label was an intermediate

label, the reason for this being that it is the intermediate step
towards what is referred to as the "simplified Codabar label". This
label which will be introduced into the U.K. Tlater this year differs
from that presently used, yet still maintains its function in presenting
essential information and the matrix for the oversticker labels. As you
can see from the draft (see Fig. 4), the majority of the instructions
have removed leaving only those which are felt to be the most imp-
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ortant, the pack user now being referred to a Department of Health
Publication for further information.

Similarly, the constituents of the anticoagulant have been deleted, the
solution now being referred to by its official monograph title, in this
case CPD anticoagulant solution B.P. This label, which has evolved
following numerous discussions between the Department of Health, the
Working Party, other transfusion directors and Fenwal, releases more
space for use by the transfusion centres and has meant that one of the
goals of the Working Party has been achieved.

It is the blood-pack label of choice which should be introduced at an
early stage if the regulatory constraints allow it.

Donation Number Labels

Two types of Donation Number Labels can be used:

The first is a white label for known donors, while the
second is a white label with a green stripe through the
eye-readable number to denote new donors.

These labels are supplied in rolls of not less than 200 sets of six,
four of these being in both eye- and machine-readable format with the
other two just eye-readable.

The donation number is present in both eye- and machine-readable form
with the eye-readable number printed in bild type for easy reading.

The eye-readable number incorporates a letter that denotes the ident-
ification of the transfusion centre where the donation originated from,
as this was felt to be essential in instances where blood is trans-
ferred from region to region. The identifying letter is not, however,
represented by a digit in the bar code.

In addition to this identifying letter, a check digit it also used, as
it was felt that this was essential to ensure accuracy when manually
keying numbers into the computer. Furthermore, this check digit is also
incorporated in the bar code as one of the U.K. centres experienced

a misread when using light pen.

The C.C.B.B.A. recommended the weighted modulus 11 method for calcul-
ating the check digit, but the U.K. directors have found this to be
unacceptable as they considered it to be not sufficiently random. The
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method now used is the modulus 11 caculation. If, when
using this method, a check digit of 10 results, the letter X is
substituted in the eyereadable number while the colon was to be used
in the bar code. Subsequently, to maintain uniformity, the colon has
been changed to a plus sign as per the recommendations of the I.S.B.T.
(Internat. Society of Blood Transfusion) Working Party on Automation.

The incorporation of this check digit and identification letter has
led to an eye-readable format of six numbers followed by the letter
and then the check digit. From the practical viewpoint the donation
number is represented by the first six numbers.

Blood Group Labels

The next type of label is that denoting the blood group. The specif-
ication for this allows flexibility within the transfusion centres
and in itself consists of 4 labels:

The first (see Fig. 6) is a bar coded label identifying

the group. The bar code commences with a "d"“ start and 3b stop.
Rh-positive letters are printed in black, while Rh-negative
labels have white letters outlined in red, with the words
Rh-negative set in white on a thick red band. Underneath

this, the words "Tested with anti-D, anti-C, and anti-E"

are printed.

The bottom part of this label has a bar code denoting the
country of origin and the R.T.C*at which the blood was
collected and grouped. The name of the transfusion centre
also appears in an eye-readable fdrmat.

The second is a small label denoting the ABO and Rh group both
in eye- and machine-readable form. This label is for use on
transfer packs or on tubes or records.

The third and fourth are two small labels denoting the blood
group in eye-readable format only.

¥ R.T.C. = Regional Transfusion Centre

Special Labels

On some occasions an alternative special label needs to be used in
place of the blood group label. To cover the various possibilities
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that may arise, 5 labels have been devised. These are:

Biohazard,

Use in Emergency only,

Not for Transfusion,

Red Cells not for Clinical Use,

and Hold for Further Investigation.

Each carries the appropriate bar code and is of distinctive style

(see Fig. 7) and colour.

Finally, we have the Product Oversticker Labels that define the
product contained within the pack. In the U.K. 11 are available.

Each label describes the product, gives details of the anticoagulant
and, where appropriate, an instruction and also carries the appropriate
bar code with an a0 start and 3b stop. Figure 3 shows a number of these
labels.

One final thing: I feel that it is imperative that the preparation of
specifications for printers should form an integral part of any move
towards using bar code. Details of label format and size should be
given as well as the "exact" specifications for printing "Codabar"

as specified in the C.C.B.B.A. report.

There is a need to work closely with the printers to ensure that they
understand the critical area in which the labels are to be utilized,

and to ensure that the quality control of the label print is string-

ently adhered to.

To summarise, the introduction of machine-readable labels into the
U.K. has been a great success which was achieved through the
cooperation of all the transfusion centres involved, with support

from Fenwal. If you as a country are looking at moving towards a
machine-readable label, I would suggest that it would be advisable

for everyone to work together as a group with one aim in mind - the
introduction of one type of machine-readable label. In the case of
Codabar, we at Travenol have a wealth of experience which is available
for your use.
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code RO997 Donor Number Expiry Date

ACD WHOLE BLOOD

T | ......

FENWAL Sterile, nonpyrogenic RhType
Single Blood-Pack it with 15 ga. needle
for collection of 420 ml blood

Contains 75 mt Acid Citrate Dextrose Anticoagulant Solution,
Formula A. Contains 17 mmol {approx.) Sodium. Each 100 mi of

ACD solution contains: Anhydrous Dextrose B.P. 2.24 g -
Sodium Citrate Ph.Eur. 2.20g Transfusion Centre
Citric Acid Monohydrate Ph.Eur. 800 mg PL 0116/5106

Lot

1. Mix BLOOD and ACD SOLUTION at frequent intervals
during collection.

2. Refrigerate continuously at 4° - 6°C.
3. CROSS-MATCH BEFORE TRANSFUSION. Blood Drawn
4. IDENTIFY RECIPIENT AS PARTNER TO CROSS-MATCH.
5. Do not add other medication to the BLOOD-PACK

unit prior to administration. FENWAL FI GURE 1
6. Mix blood thoroughly immediately before use. E —
7. Transfusion set must have a filter.
8. Contents not to be used if there is visible evidence of TRAVENOL PRIMARY PACK LABEL

deterioration. LABORATORIES LTD,
9. Pack not to be reused. Do No’r VENr Thetford, Norfolk, England  08-17-01-868

- - -
Donor Number Expiry Date
. -

ACD Transfer Pack

Tl ... -

Lot RhType

. Sterile, nonpyrogenic DO NOT VENT
FENWAL FIGURE 2
TRAVENOL TRANSFER PACK LABEL

LABORATORIES LTD,,
Thetford, Norfolk, England 08-17-20-847
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FIGURE 3
FULLY LABELLED PRIMARY AND TRANSFER
PACK LABELS
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code R1701 Donation Number Expiry Date

ABO Blood Group

FENWAL Sterie, nonpyrogenic Rh Type
Triple Blood-Pack unit
for collection of 450 ml blood
Contains 63 m! Citrate Phosphate O Solution BR
Contains 18 mmol {approx.) Sodium.
DO NOT VENT PL 0116/5108 Transfusion Centre
Lot @
oA ~ = ¢

TRANSFUSION.
3. IDENTIFY RECIPIENT AS PARTNER e RES LTD.

O CROSS AT CH. Tretord, Nortok, Engird.
* ig.f:::}mm;‘:ss{“”w o 08-57-00-000 B‘OOd Donated

FIGURE 4
SIMPLIFIED CODABAR LABEL

FIGURE 6
EXAMPLES OF BLOOD GROUP LABELS
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FIGURE 7
EXAMPLES OF SPECIAL OVERSTICKER LABELS

FIGURE 8
EXAMPLES OF PRODUCT OVERSTICKER LABELS




EXPERIENCE WITH A NATIONAL BLOOD TRANSFUSION SYSTEM INTEGRATING A
CENTRAL COMPUTER SERVICE WITH HOSPITAL-BASED MINI-COMPUTER ROUTINES.

by Bertil Cassemar, Claes F. Hogman and Jan Sdfwenberg

AB Databyran, Stockholm and the Blood Center, University Hospital,
Uppsala, Sweden

CENTRAL COMPUTER SERVICE

An EDP system for the registration and call-up of blood donors and a
punch-card §ystem for the registration of serological information on
patients,compatibility testings and transfusion files based on data
obtained via punch cards has been in continuous use since 1965 at
several blood banks in Sweden. At present, 36 hospitals, half of them
financially and organizationally independent of each other, use the
call-up routine and 8 also the patient routine. More hospitals are
planing to join the system. System development and programming has
taken place within the National Steering Committee for EDP in Blood
Transfusion Service. AB Databyran is the executive, and the computer
belongs to an insurance company in Stockholm. The system was described
by Hogman & Ramgren, 1970, and is also illustrated on posters 1-3

at this conference.

The blood donor call-up routine includes the selection of available
donors in weekly runnings. In the files there are about 94.000 active
donors, 100.000 passive donors and 208.000 yearly drawn units of blood.
The output consists of postcards for call-up, prefilled forms to be
completed with data from the blood donations, prognostics of available
donors and various other 1ists, e.g. "who gave which unit?". Some of
the lists are transferred to microfiches via COM to facilitate

distribution.

Nationwide caoperation offers several advantages: exchange of donor in-
formation between centres, common lists of unusual blood types, common
files of unsuitable donors, national prognostics of available donors.
The call-up routine is inexpensive, corresponding to DM 1.37 per dona-

tion.

The patient routine files patient groupings, cross-matchings and
transfusions in weekly runnings. The files include blood group results
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on about 300.000 patients, 345.000 cross-matched units (information

on returned blood, transfusions or other use of blood) per year. The
output consists of various lists, often on microfiches, e.g., "who got
the unit" or "who gave and who got the unit", cost specification per
ward, statistics, etc.

The nationwide cooperation has facilitated common files of patients
with antibodies. The system is also inexpensive: DM 0.38 per patient's
blood group and DM 0.22 per cross-matching.

LOCAL MINICOMPUTER SYSTEMS

The Central Computer System has been effective. We never felt a need
for an on-line system for the donor call-up routine. On the other hand,
an on-line system with patient files and files of available stocks of
blood components was expected to be of great use. The general technical
development left punch cards and especially card punch machines behind.
Our machines were worn out and could not easily be replaced by new
ones. Instead, a modern on-line minicomputer-based system was created.
Its aims were as follows:

1. To design a system which allows registration in a data base of pat-
ient's blood groups, blood types, irregular antibodies and other
important serological information; to keep such patient files
available round the clock at the blood bank's laboratory for com-
patibility testing in order to deliver blood components with the
highest possible security. _

2. To keep up-dated files of blood components and to link information
on patients to information on blood units having been reserved for
these patients; to register and report on compatibility tests.

3. To allow an effective inventory control of different blood
components and the search for blood units belonging to blood types
other than ABO and Rh,(D).

4. To keep a file of transfused patients and the blood units they
received.

To allow an easy re-entry of unused blood units into the inventory.
To present a basis for accounting and statistics.

System Development

A potent minicomputer with video display terminals and printers is
necessary for use of the designed system. The computer recently in ope-
ration at the Uppsala Blood Centre and the computer on which the system
is being implemented at the Stockholm Blood Centre at Sddersjukhuset
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are outlined in Table I. Automatic reading of numbers is facilitated by
OCR-B wands but this requires that the printers have OCR-B characters
and that such characters are used on the blood unit labels. Since a
large stock of blood group information has been accumulated on punch
cards, a card reader is very useful in our system. The local set up at
the Uppsala Blood Centre is shown in Fig. 1 and posters 4-5.

The National Steering Committee for EDP in Blood Transfusion Service

has undertaken the task of designing a system to be applied on local
minicomputers. In order to allow the use of different machines with
different operative systems, the programs have been written in Fortran
ANSI-66 but in a way which adjusts to the Cobol language way of handling
character strings.

According to plans large parts of the system will still be operated off-
line on a big computer. The main reasons are that we want to continue

to give computer-assisted service to those blood banks which want to
maintain their manual routines without local computer assistance.
Further, it does not seem sensible to burden local computers with
operations which are already effectively and inexpensively managed in
the central system, such as print-out of call-up and thank-you cards

to blood donors, accounting and statistics. Another argument is the
central file of passive donors and the file of unsuitable donors which
are consulted whenever a "new" blood donor is registered. Communication

between the central computer and the local minicomputers presently
takes place by means of magnetic tape.

The: system engineers and programmers employed full time for the
management of the central system are those employed in the development
of the minicomputer-assisted system. This group has continuously
accumulated a profound knowledge of the special problems present in a
blood bank as well as the special requirements and limitations set by
a minicomputer as compared to a big computer.

Since the new system replaced an obsolete but on the whole well-
functioning and inexpensive punch card system, it was not economically
feasible to employ a special staff of computer operators at the local
blood bank, particularly with regard to the round the clock operation
schedule. The central group will continuously supervise the system,
make program adjustments and corrections and further develop the mini-
computer system, but they will not be responsible for the daily runs.
The technical management is taken care of by the technical department
of the hospital and by the computer supplier on a service contract.
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The laboratory staff at the blood bank have been taught computer
technology with emphasis on the operation of video display terminals.
A small group of staff members received more intensive training in
order to be able to handle some duties normally done by computer
operators, e.g., taking the twice daily back-ups of the disc files,
up-dating the data base and taking care of problems which may occur
due to incorrect handling by the staff or loss of function for other
reasons. Thus, the computer has been integrated among other blood
bank duties. With sufficient teaching and training this did not cause
any serious difficulties, although some reluctance and frustration
were noted initially.

The system work has taken about 10 man-years so far. After a full-scale
test run for about two months, the management was interrupted. During
half a year a number of corrections of hardware, system design,
programs and print-outs were made. To a large extent this was based on
suggestions from hospital staff members and recommendations from a
special working group consisting of blood bank staff members and

system engineers. The final start of the system was in February 1981
after two weeks of run parallel to the old routines. The system is now
working very effectively, giving information and printing assistance
greatly superior to the old system.

Blood Group Serology

Blood grouping (ABO and Rhy(D)) is done partly by manual methods,
partly by a Groupamatic 360C which is attached on-1ine to the computer.
Samples which the Groupamatic has refused to interpret are either read
visually directly in the reaction cuvettes or investigated by manual
techniques. These results are entered into the computer files by a
video display terminal. The computer checks that the results of two
independent tests agree with each other. Table II shows the daily
protocol of the blood grouping laboratory with regard to the
communication with the computer. The results are stored in different
files for patients, military staff and checking of blood units. The
data base is not up-dated until proper controls have been completed.
Once a result has been entered into the data base, it cannot be
changed, only removed. Thus, a patient's blood group cannot be changed

by mistake.

Samples which require more qualified serological investigation are
transferred to a separate file. Input of investigation results is
achieved using a standard set of promptings. Registration taken place
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in a question-and-answer system in which the operator has to enter the
information via numerical codes. After some initial experience, when
the operator knows the most common codes by heart, it is a fast
procedure. Some of these standard sentences, e.g. concerning blood
type, antibody specificity and titer values, are introduced in several
steps. The system allows detailed statistics. Both the video display
terminals and the printers have capitals as well as small letters which
means that the existing blood group nomenclature does not create any
problems.

The information registered in the data base can be called on and either
shown on the video display or printed on paper. An example of the layout
of a blood group reply is given on poster 6 and Fig. 2.

Each set of replies consists of four forms. A1l of them contain the
patient's identification (birth date and number, surname, first name)
ABO and Rhy(D) blood group, any other serological information, and the
registration number of the test. One of the forms is to be handed over
to the patient himself (particularly important when irregular anti-
bodies are present); another is for the patient's record, and the others
are order forms for blood components.

In the data base a link is established between all test results of the
same patient. This is greatly facilitated by using the "person number",
which is given to every Swedish citizen, composed of .birth year, month,
day, a 3-digit number and a control digit, thus 10 digits in all. This
number is used in Social Security, in military service, by insurance
companies and tax authorities, etc.

Requisition of Blood Components

One of the order forms is filled in and sent to the blood bank together
with a sample for compatibility testing. Via the registration number,
read by the OCR-B wand, the patient information is called on and shown
on the display. The computer simultaneously checks whether other - ear-
lier or later - test results on the same patient exist in the data

base and if irregular antibodies have been found in any of these.
Should this be the case, a print-out of the three most recent test
results is obtained. If no such information is available, the technician
can proceed directly to the next step: registration of the blood units
which have been selected for the patient. This is normally done using
the OCR-B wand, reading the numbers on the pilot tube label or on the
blood unit label. If the number is not readable by the wand, e.g.
because the blood unit has been obtained from a blood bank which does
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not have the correct type of label, the number is entered via the key-
board. For OCR-reading a start symbol, a check digit according to the
modulus 10 system, and an 8-figure number are needed. A test protocol
is printed (Fig. 3).

Following compatibility testing the test protocol is again called for
on the display and the blood units are approved or rejected. A package
slip of all approved units is printed (Fig. 4) as well as a summary of
all tested units (Fig. 4). The package slip is folded and attached to
the respective blood unit; the summary form will be included in the
patient's record and completed with a note as to which units were
actually tranfused and when.

Blood units which have been reserved for a patient but not used will be
withdrawn to the blood bank, normally within 11/2 days. With the OCR-B
wand the blood unit numbers are read from the package slips and the
blood units are thereby re-entered into the inventory of eligible units.

Input to the Inventory

Newly produced blood units are registered in the inventory as soon as
they have passed the quality controls. Information on blood type other
than ABO and Rhg(D) is transferred via punch cards (old routine) or
electronic tape (new routine) from the blood donor registry to the
central system. The numbers of all available blood units, e.g. of type
c-negative, can be obtained via a special program.

A review of all available blood units, both those eligible and those
reserved for patients, can be obtained at any time.

FUTURE DEVELOPMENT

With the rapid development in the computer field it is foreseen that
even medium size and small hospital blood banks within a region will
operate their own mini- or microcomputers which will be able to perform
some of the tasks described above by their own capacity. They shall
also serve as telecommunicated terminals which can be connected to the
regional minicomputer. The Tatter will serve the whole region con-
cerning more démanding operations, such as search for patient data in

a large, regional patient registry and information about the total
inventory. In this way, a number of hospital blood banks are expected
to collaborate regionally.
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SUMMARY

An EDP system serving blood group serology routines, cross-matching

and blood component delivery procedures, and inventory control is
described.

It is emphasized that, because of the large costs of system engineering
and programming, such systems should be shared by several customers.

Emphasis has to be laid on sufficient education and training of the
blood bank staff.

It is important that the details of the system are rendered such as to
satisfy the blood bank staff and other hospital staff in order to
achieve rational and well functioning procedures.

The main goal is to improve information and security.
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TABLE I

Computer Equipment used in Local Minicomputer Systems

University Hospital Soders jukhuset
in Uppsala in Stockholm
Central processing Univac V77/400 Hewlett-Packard HP 3000 III
unit:
Internal memory: 192 K words 512 K words
Disc memory: 32 Mb 1x12B3 Mb for Blood Centre
2x120 Mb for Chemical
Laboratory
Magnetic tape: 1600 bpi 75 ips 1600 bpi 45 ips
Line printers: 1 240 1/m 1 1000 1/m
1 600 1/m
Card reader: 1 300 1/m 1 300 1/m
Terminal Equipment: 5 video display terminals Blood Centre

2 line printers (240 1/m) 4 video display terminals
1 printer (90 ch/s) 3 line printers (240 1/m)

Chemical Lab
30 video display terminals
3 microprocessors with

printers (30 ch/s)
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TABLE II

CHECK LIST AT THE BLOOD GROUPING LAB TERMINAL

Serie No O Date:

Operation Time Run by

Numbers in the serie.

Enter patient data from requisition form.

Enter data from special investigation list.
Enter data of antibody screening results.

Enter supplementary data of Groupamatic run 1.
Check patient file for earlier investigations.
Preliminary linking of present investigation to
patient file.

Enter supplementary data of Groupamatic run 2.
Enter manual series 1.

Enter manual series 2.

Tranfer for further testing to serological
laboratory file. Enter Grouping laboratory
messages.

List patient's blood groups.

Run blood group reports.

Run disc file back-up.

Up-date data base.

Present test results are linked to patient file.

Automatic control of blood group results.
Deviations are rejected and listed.
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Vidstaende blodgruppskort
4r avsett att avskiljas och 1.
dverlamnas till patienten.

AKADEMISKA SJUKHUSET
Blodcentralen 2.
UPPSALA

Blodbestiillning
Helblod

___ Erytrocytkoncentrat
Blodbestiilining

Helblod 4.
Erytrocytkoncentrat
Leukocytfattigt erytrocytkoncentrat
__ Trombocytkoncentrat
_ Farskfryst plasma

Plasma
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Pers.nr <460126 XKRAX Blodgruppskort
Namn MXBEKYKK ANN-MARIE
Blodgrupp
2
Pers.nr <460126 XKAIX Blodgruppssvar
AXXXXSAMKXANN-MARIE
Namn
<460126 XKEAAX
Pers.nr
XXXXKXHK ANN-MARIE
Namn
Pers.nr <46N126 XEXXX
Namn  XEKXXXXX ANN-MARTE
Blodgrupp
A
AAA ++
AA AA ++
AA AA EEX SRS LS
AA AA ++
AARAAAAAA ++
AA AA
Lab.nr/ AA AA Rh POSITIV
Reg.dat.

€681 0310 75297> 1981-02-15

Blodcentralen Akademiska sjukhuset Uppsala

Diagnos, sirskilda upplysningar

Bestillande sjukhus och avdelning ~ Tel/snabbtel

Leverans till TDatum, tid

rD-kontroll utférd enl gillande foreskrifter intygas

Namnteckning

Figure 2. Blood group reply.
record. 3) and 4)

Sarskilt utltande Id-Kontroll utford

Blodtyp: C+ E- c-
2+ '

Direkt antiglobulinprov

(Coomhs nrov):negativt
Srytrocytantikroppar av faliande
specificitet har p3visats:

anti-g c
anzynteknik 2 20
antiglohultekn 2 2
Vid eyentuell blodtransfusion ges
hlod av tvp: F=- c-

1) Patient's card. 2) For the patient's

Order forms
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PROTOKOLL SEROLOGISKT FORPROV
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BLODGR PRODUKTBESKRIVNING BLUDNUMMER

ABRh+ E-KONC. TVATTAT $3 3317 2788
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Figure 3. Form for crossmatching
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FOoLJESEDEH!L
UAs 008

RESERVERAD T.O.M.
1981-03-26 KL 12.00
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+
+
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SEROLOGISKT FORPROV: SKARPT, UTAN ANM.

IDKONTROLL UTFORD VID PROVTAGN. FOR:
BLODGRUPPERING: JA
SEROLOGISKT FORPROV: JA

PRODUKT: E-KUONC. TVATTAT

VOLYM: 0200mML

LABNR: c781 0310 41978 > uUTL:00

BLUDFORTECKNING/TRANSFUSIONSJOURNAL
UAS 008

LABNR: €781 0310 41978 > UTLOMG:

IDKOLL UTF. VID PROVT. FOR SER. FOURPROV:

<18 03 01  XaK¥eo
00 XXX GORAN
JA

NEDANSTRENDE BLODPRODUKTER RESERVERADE T.0.M. 1983-03-26 KL 12.00

BLODGR PRODUKTBESKRIVNING BLUDNUMMER PROD- ETIKETT FREN DATUM/SIGN
KuD TRANSF. ENHET EV TR.KOMPL
ABRh+ E-KONC., TVATTAT 3317-2788 1673
0200mL
ABRh+ E=~KONC. TVATTAT 3317-2783 1673
0200mML

Figure 4. Package slip

Summary list of delivered units



Evaluation of EDP Systems for Transfusion Medicine:

Criteria from the User's Point of View

by
J.R. Mdhr and A. Kluge

University of Heidelberg

Introduction

If the efforts of the programme committee to obtain contributions on the syste-
matic evalutation of the effects of computer support of medical transfusion

services were in vain, there might be several reasons:

- the need for systematic evaluation is not perceived during early stages of sy-
stem construction and, therefore, the evolving systems do not lend themselves
to evaluation;

- the merits of transfusion medicine are considered to be self-evident and,
consequently, supposed to apply to the supporting EDP systems;

- many systems may not have reached a stage where systematic evaluation is de-

sirable.

The following contribution concerning evaluation criteria from the user's point
of view will, therefore, be theoretical rather than based on practical experi-
ence. The necessity for formal and systematic evaluation will be outlined togeth-
er with a sketch of possible approaches. The criteria to be applied to evaluation
will then be illustrated in greater detail on the basis of a discussion of the

method of "Nutzwertanalyse" (9) (NWA, "value analysis" or "worth analysis (11)").

why systems evaluation?

It has been shown that dissemination and penetration of new technologies is quite
independent of their eventually proven value and effect, particularly in the
medical field. The distribution of essentially useless technologies may quickly
take on impressive dimensions, just as the recognition of valuable innovations
may progress but slowly (15). The association of a certain product or device with
a new technology seems to improve speed and extent of dissemination. Examples are
legion among laboratory devices and drugs. Conversely, acceptance of a new tech-
nology seems to be impeded if it is part of complex procedures and processes -
especially if these are not at the focus of scientific attention. Examples of

this type may be found among administrative procedures.

Both aspects are combined in transfusion medicine. Its technology is developed

around an identifiable product, the therapeutic efficay and superiority of which
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has been proven in many situations. This is the blood unit and its derivatives.
On the other hand, the availability of this product depends on a host of sup-
portive procedures from the realization of public support via a great number of
individual donors up to the technologies of refrigeration, distribution and stock
keeping.

A similar situation applies to medical informatics as an ancillary technology in
this context. It involves identifiable products such as programs or computer sy-

stems which are furthering propagation.

The subject of these products are frequently complex administrative procedures

which are little investigated and often not understood in detail.

Therefore, the effects actually obtained by computer introduction may deviate
from prior expectations. This situation has been recognized in medical informatics
for some time and, therefore, systems evaluation has become a subject of recogni-

zed importance for medical informatics (2,3,4,5,6,8,10).

Systems evaluation - scope of approaches

Evaluation of EDP systems in transfusion medicine has to suit varying needs.

We may distinguish the following levels of evaluation:

level 1 Assesment of basic suitability of EDP systems;
level 2 Identification of an optimal system among several variants;

level 3 Evaluation of medical efficacy.

At the first level, a specification of basic requirements will suffice in order
to determine whether a given system is basically suitable. These may be formulated
as obligatory requirements that set minimal standards. Failure of a given system

to meet one of them will lead to its elimination from further consideration.

One problem at this level is to define sufficiently substantiated minimal require-
ments. Hopefully, the display of solutions at this conference will be of help.

The other problem is to obtain sufficiently complete and comparable system de-
scriptions from suppliers. It is, of course, the responsibility of the evaluator

to make sure that this requirement is met.

The goal at the second level is to identify an optimal systems variant for a given
set of goals. Local requirements and subjective preferences of certain user groups
are of greater importance at this level. Recommendations will therefore have to

remain quite general. Actual evaluation will require a detailed specification

of the applied criteria. Nevertheless, a method applicable at this level will be

outlined below.

The third level comprises the entire spectrum of what has been termed “health care

technology evaluation®™ (10). It includes consideration of economic aspects (15)
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as well as aspects of the quality of medical care (7). Especially with respect
to the latter issues, methodology is still under development. Cause and effect
relations at this level of complexity are quite ramified and analyses require

correspondingly increased efforts.

We will not consider such studies further in this context since the relevant me-
thodology is a subject of the parallel conferencérsince medical efficacy does not
seem to constitute a subject of great concern in transfusion medicine and since

even the less complex studies seem to be lacking so far with respect to EDP sup-

port of transfusion medicine.

A standard procedure for multidimensional assessment

A conceptually simple method for the evaluation of system alternatives is NWA
("Nutzwertanalyse" (9), translatable as "value analysis" or "worth analysis"(11)).
Recently the method has been increasingly applied in the evaluation of EDP appli-
cations in medicine (11,12,13,17).

It involves application of a catalogue of n criteria C; to m system alternatives
or variants Sj. A weight w; is associated with each criterion c; and determines
the significance of every criterion in the static context of all considered cri-

teria.

Figure 1 N WA NUTZWERTANALYSE

("value analysis" or "worth analysis")

weights system variants
51.-. SJ"' Sm
S W 9i,5¢ o + 0 91,m
- . . .
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- - -
criteria C; Wy 95,1 .

° ° * vi)J_wi gitj
. . .
- . . »
- - L] -
Cn Wn In,1 * * * 9n,m

n
Vi3 T E Vit

Ny = 2

i=1

* K.H. Selbmann, F.W. Schwartz, W. van Eimeren: Qualit&tssicherung in der Medizin,

gth spring Conference of the GMDS, Tibingen, April 9-11, 1981
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The fulfilment of every criterion (goal attainment) is marked for every alterna-
tive by a grade 9ij- The partial value ("Teilnutzen") Vij is computed as the
product of weight w; with grade 9ij- 'he sum of partial values for each alterna-

tive represents the value ("Nutzwert") of this alternative Ny (figure 1):
n
Nj =Z ci¥* 9i§
i=1

The result of the procedure is, therefore, a single value assigned to a system
variant. In the subsequent examples this value may lie anywhere between 0 and 1000.
Because of the great degree of subjectivity involved, a given value for one system
is rather meaningless. The values of different system variants may, however, give
an indication of their relative importance with respect to the system of criteria
applied. Variants in this context may be represented by different combinations of
hardware and software -~ either from different suppliers or at different sites or

times.

The procedure has the advantage of allowing the consideration of criteria of
various dimensions. The establishment of the system of criteria is an incentive
to completeness and to the application of comparable standards to the considered

alternatives.

on the other hand, the method does depend on subjective assessment. This affects
the establishment of the system of criteria as well as the assignment of values
to the weights and finally the grading of the fulfilment of every criterion. The

control of subjectivity in these phases may require substantial efforts.

4.1 System of criteria

The following roughly structured system of criteria is intended as a frame of re-

ference which would require modification if actually applied.
The catalogue of criteria is divided into two parts:

1 Objective criteria of supplier / product,

2 Application features.

The first part is more or less independent of the spectrum of functions realized
for a given application. It contains criteria which are rather easy to verify on

the basis of systems proposals and detailed discussions with a supplier.

The contents of the second part firstly depends on the realized or projected spec-
trum of functions. Secondly, the assessment of the fulfilment of these criteria
requires experience with the application of a given variant of a system. It is,
therefore, less suitable for the assessment of proposed solutions than for the

evaluation of practical experience.
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Figure 2: Criteria

1 Criteria Concerning Supplier / Product
1.1 Hardware, Basic Operating Software

1.1.1 Performance
- available random access memory
(initial / maximal)
- throughput
(CPU, interfaces, peripherals)

1.1.2 Reliability

- availability

recovery

data integrity (handling error, system failure)

- archival storage (devices, programs)

1.1.3 Costs
- purchase
- development
- supplies
- maintenance

- education, introduction support
1.2 Supplier

1.2.1 Maintenance Support
- error correction (hardware, basic
operating software, application software)
- preventive maintenance
- release concept

- service network

1.2.2 Education, Introduction Support
- need for user education
- availability of education packages/courses etc.

- continuity of support

1.2.3 General Characteristics
- product responsibility
- stability (marketshare,
duration of relevant activities)

- application related know how
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Figure 2 (continued)

2 Criteria Concerning Application Functions

2.1 General Criteria
- adaptivity to varying demands
of application environment
- adaptivity to users of varying experience
- elimination of redundancy during
acquisition / storage
- effort required for user education

- effort required for system recovery / data security
2.2 Functions of Various Application Services

2.2.1 Donor Service
- basic data handling
- scheduling (fresh material / stock supply)
- decision support (donor acceptability)

- accounting, billing

2.2.2 Recipient Service
- basic data handling
- decision support (protection of
recipient, therapeutic advice etc.)

- billing, accounting

2.2.3 Product, Stock Management
- basic data handling
- demand control, surveillance of
deterioration, trend evaluation

- product information

2.2.4 Laboratory
- identification (persons, samples)
- process control
- donor / recipient information

- decision support (investigations)

accounting / billing / administrative

support.
2.3 Back-up Support for 2.2.1 to 2.2.4

2.4 support of Archival Storage / Data Analysis.
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The criteria listed in Figure 2 shall be commented summarily:

Performance, reliability and costs are the mutually related systems characteristics
that are of primary importance for product assessment. Hardware performance depends
on the CPU architecture and the size of random access memory, performance of pe-
ripheral devices and their interfaces with the CPU. Evaluation should account for

restrictions in the exploitation of hardware features through inefficient software.

Reliability again comprizes different aspects. For larger hospital information
systems it is recognized that an actual availability of above 98 % of the scheduled
system availability has to be attained in order to achieve satisfactory service.
Average downtime should not exceed 10 minutes in 90 % of breakdowns. These figures
are likely to also apply to the support of the functions of transfusion centers with

their need for high responsiveness.

Availability and average downtime may be implied with some reliability from figures
obtained from other applications of similar hardware and operating software. This is
much less the case with the sensitivity of data integrity to handling errors and
system failure. Though, to a large extent depending on application software, they

are included among the features of global relevance.

The availability of hardware and software features for archival storage of collected
data seems to be somewhat neglected at times, even though the value of a computer-
based information system is considerably augmented by its support of data analysis.
Long-term storage of data in machinereadable form counts among these features as well

as software for statistical analysis (see below).

The most important categories of costs are cited, even though not necessarily

relevant, simultaneously.

The system may be commercially available or be developed by institutions that are
not profit-oriented. Evaluation of suppliers according to the indicated criteria may
have to account for the possibility that responsibility for different components is
divided among different suppliers (e.g. hardware supplied by industry, application

software, support etc. provided by independent developing institutions.)

The maintenance category may be considered most important among the listed criteria.
It comprizes concepts and procedures for the elimination of errors and failures at
the level of hardware, operating and applications software. These should be
available at least locally at the site of application. Also at present one may
usually not expect a system to have attained its final stage of development. One
has, therefore, to improve, correct and supplement applications, all of which
requires a strict discipline to be observed during continuing development in order
not to disturb routine use. The relevant concepts of different suppliers and their

realization differ drastically at times.
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Similarly, wide variation exists with respect to requirements for and realization of

introductory support and training.

Considering these aspects, the varying demands of different user groups have to be
accounted for:
- project initiator / director
- routine user (technical staff, doctors, nurses,
administrators)
- casual user (physicians, administrators, scientists)

- system supporter (programmer, service engineer, systems analyst)

system operator

Casual users and project initiators should not require additional training. Support
by routine users, system developers or operators should suffice. The latter two
groups, however, will always require detailed systems documentation and may require
additional training, while the type and amount of support of routine users will

largely depend on the adequacy of the application packages user interface.

The general characteristics listed in Figure 2 are particularly relevant for com-
mercial vendors. If a substantial development effort is needed, a clear assignment
of responsibilities and resources is necessary in order to protect the project
against changes in company policy. Stability of the company, its share in the market

and problem-related, specialized knowhow will also be appreciated contributions.

Concerning application functions, adaptivity is paramount among general features.
One reason is that the spectrum of required functions always varies slightly as
between institutions. This makes adaptions necessary. On the other hand, successful
implementation of a system usually results in rapidly rising demands, making en-
hancements necessary. Finally, also the changing state of the art such as adap-

tion to evolving standards and norms has to be accounted for.

Because of these multiple reasons for adaptations, it is not advisable to realize
the system functions through a straight-forward program code but rather to create

generalized carrier systems (16) that are able to support a variety of functions.

These functions should, in addition, be realized in such a way that users of

different background may interface with maximum efficiency.

From the user's point of view, the kind and amount of training required and system
reliability as well as efforts for system recovery have to be taken into considera-

tion.

A somewhat varying composition of application functions is relevant for such dif-

ferent application realms as administration of:
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- donor
- recipient
- product / stock

- laboratory.

System evaluation with respect to the support of these functions has first to
consider

- completeness

- adequacy or validity

- precision

- correctness

availability

of data. The criteria have to be applied to different types and subsets of data with
respect to their related uses. Relevance and adequacy of the realized functions may
also have to be considered in the context of a realized application. All these
aspects can hardly be determined theoretically but require practical experience.
where this is available, on the other hand, a formal evaluation should structure the

gained knowledge and make it available to others.

5.2 Weighting

The assignment of weights to the various criteria requires acceptance of a stable
system of criteria. The catalogue given in Figure 2 may serve as a guideline.
Necessary modifications may include restructuring the suggested hierarchy since such
a structure always constitutes an act of brute force applied to the multiple rami-

fications of relations between such criteria.

Given a stable system of criteria, weighting should proceed using a constant sum of
weights (e.g. 1000). This can be distributed proceeding from higher levels of the
hierarchy to the lower ones, thus supporting the assignment of mutually balanced

weights.

The estimates of different users or user groups may be obtained, independently at
this stage. If marked differences are obtained, one may proceed in different
fashions: One may either use the Delphi technique (1) to achieve an adaptation of
the different standpoints to a "true" estimate. Or the results may be used as such
in a sensitivity analysis in order to assess the impact of the contrasting stand-
points on the final result of the evaluation. Finally, they may be used as a quan-

tified expression of the difference between relevant standpoints.
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5.3 Assessment of goal attainment

In a subsequent step, the goal attainment of each system variant has to be assessed
for every criterion. A defined scoring scale (e.g. O through 10) with fixed meaning
of extreme values (e.g. 0 = insufficient, 10 = optimal) will have to be agreed upon

for this purpose.

Consistency of the transformation of observed characteristics into grades is further
improved by defining a transformation function. Because of the preliminary nature of
the suggested system of criteria, the transformation functions can only be illus-
trated by examples here. A complete list of transformation functions would also

exceed the available space.

A straightforward approach to transformation functions is possible if a charac-
teristic is expressed on a continuous scale (e.g. weight, volume etc.). A simple
example are costs which could be converted into grades by a linear function deli-
mited by the upper size of the budget (corresponding to worst goal attainment) and
zero costs (corresponding to optimal goal attainment) (Figure 3). Functions could,
of course, be more complicated. Instead of using absolute limits for defining
optimal and worst goal attainment as in this case (absolute scale), one could also
use the extremes observed among variants as corner values (relative scale). Though
this approach is sometimes more practical, problems might arise if an inclusion of
further variants at a later stage of the evaluation process yields values exceeding

the predefined limits.

Figure 3: Transformation Function for Cardinal scale

(Example: Cost)
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Frequently, one has to account for characteristics which are more complex and relate

to subjective assessments. Complexity arises, e.g., if the need for certain measures

or services varies concurrently with the adequacy of the response to this need. An

example is training and introductory support. A system may be designed in such a way

as to eliminate the need for a training package. In this case, the lack of a trai-

ning package has a meaning different from that as in the case of a system that re-
'

quires thorough training of the user.

Figure 4: Sample of Characteristics to be Considered

in Assessing Goal Attainment

Criteria

1.1.2 Reliability

- data integrity

2.1 General Criteria
- effort rqd. f.

user education

2.2.1 and 2.2.2
Donor and Reci-
pient service
- basic data

handling

Characteristics ,
Duplication of hardware (peripheral
storage, IO devices)

Availability » 98 % of scheduled service time

Recovery ¢ 10' in 90 % of failures

Kinds of support for security back up
(frequency, handling effort, time required for
back up copying etc.)

Availability during scheduled system
maintenance )

Completeness, correctness (precision)
actuality.

Means for error detection / correction

(check digits, self correcting codes etc.)
identification of author of input

(source, user identification)

Manipulation of I/0 devices

Parametric guidance of users

Conversion from the use of habitual codes to
machine compatible codes

Learning new codes

Identification of author

Adequate coding of blood
Group symbols
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2.3 Back up Support Probability of system failure
- due to handling error
- due to software mistake
- due to hardware deficiency
Duplication of hardware
Availability of machine-compatible

back-up documents (for input and output)

Goal attainment will, in the case of such criteria, frequently be characterized by a
combination of multiple findings. Therefore, definition of transformation functions
provides a stimulus to identify the relevant characteristics. Reliability of certain
functions, ease of use, error tolerance, compatibility with agreed norms and stan-
dards, etc. are characteristics that may be considered in this context. A sample of

relevant characteristics is listed in Figure 4.

Standardization of the conversion of these characteristics into a degree of goal
attainment is supported by the creation of an ordinal scale listing certain combi-
nations of features and assigning them to grades (Figure 5). A given combination of

observed features may then be assigned a certain grade by arbitrary interpolation.

Figure 5: "Transformation function" for ordinal scale

(example: data analysis software)
Grade Characteristic
10 Usable routines available for all types

of data analysis and statistics

6 -9 Grading dependent upon scope of functions

applicability to data types, ease of use

5 Analysis routines available, applicability limited

to certain data

2 -4 Grading dependent on efforts required

for development and implementation

1 No analysis routines available,

implementation feasible

0 Storage format of data does not

allow machine analysis.
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6. Conclussions

The described method of NWA covers part of the conceivable scope of evaluation of

EDP systems.
The given outline of the method serves as a substrate to a discussion of criteria

that have to be applied to an evaluation of EDP systems in transfusion medicine.

The method is comparatively easy to apply and is of particular value for structuring
the system of criteria as well as for the comprehensive and comparable evaluation of
systems. The results are subject to considerable subjective influences. The validity
of the results obtained, therefore, largely depends on the thoroughness of the con-

trol of subjective influences.
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Abstract

One of the main objectives of a Regional Blood Management System (RBMS) is
the efficient management of the region's blood resources. This, however, is a
complex task. Blood is a perishable product, for which the standard results of
inventory theory do not hold. Its demand and supply are uncertain. It must be
distributed and inventoried under special medical considerations at hospitals
whose annual transfusion volumes, medical practices, and distances from the
supplying regional center vary widely. And, in addition to the above issues of
analytical complexity, blood bank managers are faced with issues that are
typical of a health care management problem: 1) the performance of the system
can be measured in terms of multiple criteria, some of which are conflicting,
and, ii) quantitative measurement of the system's performance can be very
difficult, since the estimation of many of the costs involved (e.g.,
unavailability of blood) is very subjective.

Because of the above factors of complexity, the development and
implementation of a RBMS calls for a systems approach to be used. According to
this approach, the analyst will identify the system and its components, the
system-subsystem activities, goals, and hierarchical relations, will analyze the
operation of each component, will develop system objectives, design appropriate
organizational structures, formulate and solve mathematical (optimization)
models, and implement and monitor the new system. 1In addition, this approach
calls for the cooperative use of several scientific fields during the course of
the project, the most important of which are Operations Research, Computer
Science, Behavioral and Organizational Sciences, and Transfusion Practice.

This paper outlines this approach as used by the staff of the New York
Blood Center 1in the development and implementation of a prototype RBMS. This
system was implemented successfully in Long Island, NY, as well as in a number
of other regions. It has been considered as one of the most sophisticated blood
systems in the U.S.A., and has been awarded the 1979 International Management
Science Achievement Award.
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1. ON SYSTEMS ANALYSIS

Systems Analysis (SA) can be defined as "the multidisciplinary
problem-solving activity that analysts have evolved to deal with the problems of
sociotechnical systems" [33]. Some common examples of such systems are the
energy system, the transportation system, the health care system, and many
others in modern society. A common feature among these systems is that they are

complex: they generally involve several subsystems whose internal operations
and external relations with the other components of the system are complex, and,
maybe, not perfectly known or understood. Also, they always involve

people-participants of the system, whose behavior and interests are being
affected by the structure and operation of the system, as well as
people-decision makers for the system, who generally try to satisfy objectives
of efficiency while observing constraints imposed by social, political, legal,
or other considerations. Finally, the analysis of these systems generally calls
for the cooperative use of several scientific fields, and, therefore, requires
the coordination of a multidisciplinary team.

Because of the complexity and multidisciplinary nature of these problems,
the success of a SA project depends not only on the analytical modeling of the
problem, but, perhaps even more so, on the art of combining the knowledge and
methods of several disciplines of modern science and technology with concepts of
social goals and equities, elements of judgment and taste, and appropriate
consideration of the 1larger contexts and uncertainties that inevitably attend
such problems. It is these features that make SA more of a "craft" [17] than a
traditional scientific discipline.

The central purpose of SA is to help public and private decision makers
solve the problems and resolve the policy issues they face. The distinguishing
characteristic of the approach is that, in addressing a problem, it first
identifies a system (or systems) within which it must be considered, and then
comprehensively analyzes alternative courses of action by evaluating their
costs, benefits or other consequences in light of overall system objectives and
constraints. In more detail, the stages of an SA project can be considered to
be the following [33]):

1. Problem identification and formulation in a systems framework.

2. Definition of objectives and their translation into evaluation
criteria.

3. Formulation of alternative courses of action for achieving these
objectives.

4, Estimation of the impacts of the various possible actions.

5. Comparison of alternatives by applying various criteria to their
consequences.

6. Presentation of the results to the decision maker in a framework
suitable for choice.
In addition, the project could involve implementation, in which case the
following three stages should be included:

T. Selection of an alternative.

8. Implementation of the selected course of action.
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9. Impact assessment on the basis of initial objectives and interim
environmental changes.

These stages/guidelines are quite general since they apply to a great
variety of sociotechnical problems. One can be more specific when discussing
the use of SA in a particular field, such as health care, and therefore take
into consideration any special features of this field. For example, Health Care
Systems (HCSs) can be characterized by the following special features:

1. A HCS involves three types of individuals: patients, doctors and
administrators. This 1is not common, since most other systems involve
only two types of individuals: participants (patients) and decision
makers (administrators). In the case of a HCS one clearly has to take
into consideration the role of the physicians as well as their
psychology.

2. A HCS is often organized hierarchically. For example, a regional blood
management syspem coordinates the collections of blood at the Regional
Blood Center with the disposition of blood at the Hospital Blood Banks.

3. A HCS is dynamic. For example, medical procedures can change with
advances 1in research. Or, the availability of specialized physicians
can change with demographic factors, with training policies, etc.

4, The performance of a HCS can be estimated by a set of interrelated
quantitative and qualitative indices. We note that the qualitative
indices can be equally, if not more, important to the quantitative
ones,

5. Almost npthing in a HCS can be subjected to experiments, even at 1local
levels. '

6. Introduction of computer automation in a HCS requires special
attention, since full standardization of information requirements for
medical diagnosis and treatment is very difficult to achieve.

Finally, a real insight into SA can only be obtained through experience
with particular case studies, such as the development and implementation of a
regional blood management system which is presented here. In this sense, we
hope that this paper will contribute to this pupose.

2. THE REGIONAL BLOOD MANAGEMENT PROBLEM

Human blood is a perishable product. In the U.S. it currently has a
legally defined lifetime of 35 days during which it can be used for transfusion
to a patient of the same blood type, and after which it has to be discarded., It
is collected in wunits of one pint per donor at collection sites such as a
Regional Blood Center (RBC), and after a series of typing and screening tests,
it is ready to be distributed to the various Hospital Blood Banks in the region.

The Hospital Blood Bank (HBB) operates as an inventory location, storing
and issuing the appropriate blood units to satisfy transfusion requests. During
the course of a day the HBB receives (from the physicians of the hospital) a
random number of transfusion requests for each blood type, each request for a
random number of units. Once a request for a patient is received, the
appropriate number of units of that type are removed from free inventory and,
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upon successful crossmatching, they are placed on reserve inventory for this
particular patient. Any of those units that are not transfused are returned to
free inventory. We define demand to be the number of units requested, and usage
to be the number of units used. Any units which are not used within their
35-day lifetime are considered outdated and are discarded from inventory.

The performance of a regional blood inventory management system can be
evaluated in terms of several criteria, the two most common of which are the
shortage and the outdate rates of the participating HBBs. We define a
hospital's shortage rate to be the percentage of days during which a shortage
occurs (i.e., the day's demand exceeds the available inventory), and outdate
rate to be the percentage of the HBB's supply that eventually outdates.

The management of the blood resources of a region is a complex task. Some
of the reasons that contribute to the complexity of the problem are:

Whole blood is perishable, and, therefore, standard inventory theory results
do not hold;

. Its supply and demand are uncertain;

. The demand (units crossmatched) and the usage (units transfused) of blood
at each hospital are different random variables;

. There is a large variation in the size of hospitals within a region,
They range from those transfusing a few hundreds of units yearly,
to others transfusing tens of thousands yearly;

. There is a large variation in the kinds of operations, and the practices
among hospitals. As an example, some hospitals typically transfuse
whole blood, others red cells;

. There is a large variation in the distances involved. Some hospitals
are a few hundred feet away from the RBC, whereas others are as far
as hundreds of miles.

. There is a large variation in the frequence with which the 8 blood types
appear.

In addition to being analytically complex, the regional blood management
problem is a semistructured health care management problem: the decision maker
(i.e., the RBC) is faced with several objectives of performance in the region,
some of which are conflicting (e.g., availability vs. utilization of blood),
and, therefore, has to use subjective Jjudgment in comparing the trade-offs
involved, and establishing targets for each objective. Also, quantitative cost
measurement of the system's performance, and, therefore, comparison of policies
using simple cost criteria, is very difficult, since estimation of the benefits
(or costs) resulting from the availability of blood (or lack of it) when and
where it is needed can be very subjective.

Finally, any allocation policy has to conform to the laws of the region and
to the medical and management practices of the hospitals and the RBC; has to
ensure a "fair" and efficient allocation of the scarce resource; and has to be
able to adjust rapidly and easily to any changes of the above. In addition,
since any system for regional blood management establishes an organizational
structure between the participants of the system, special consideration has to
be given to the incentives that alternative structures provide, as well as other
control mechanisms and practical issues involved with implementation.
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Because of the complexity, the traditional approach for the analysis and
the management of a "blood region" has been to decompose a region into its
individual hospitals, and determine efficient rules for each HBB, This approach
established a decentralized mode of operation, where each HBB would call the RBC
in the morning in order to place an order for enough units so as to bring its
inventories to "safe" levels -- enough to meet demand with high probability, but
not so as to induce much outdating. The RBC would try to meet most of these
orders, keeping in mind the limited supply, and therefore holding sufficient
inventories at the Center for future orders, and for emergencies. This
uncertainty for both the RBC <(concerning the HBB orders) and for the HBBs
(concerning how much of their orders would be met) imposed a competition between
HBBs for their supply of blood, created artificial shortages, and resulted in
poor utilization of the regional resources. A 1971 national survey reported
that approximately 25% of the blood collected was outdated [10]. In addition,
instances of shortage were reported to be frequent, resulting in postponements
of elective surgeries, and personnel and other resources were inefficiently
used.

To address this problem, a National Blood Policy was adopted in 1974 which
called for "the introduction of systems management to blood service," and for
the establishment of regional associations for the cooperative management and
sharing of the regional blood supplies.

The Operations Research Laboratory of the New York Blood Center was faced
with this issue: of developing a prototype regional blood management system,
and implementing it in Long Island, New York. This paper describes the
development and implementation of this sytem. In the next chapter we give a
brief overview of the literature and describe the basic principles and decisions
made initially that characterized the entire project. In the remaining three
chapters we give an overview of the project's three subsequent phases: data
collection and analysis, modeling, and implementation. We try to give a global
overview, without going into analytical or practical details. Selected
references guide the reader to more detailed discussions elsewhere.

3. BASIC PRINCIPLES

Let us first selectively review the status of blood inventory management
theory and practice, in order to point out some important previously developed
results that were useful in our research, and also to explain some
assumptions/decisions we made that might otherwise appear arbitrary. For a more
complete and up-to-date review of the blood inventory management literature the
reader is referred to Prastacos [31].

Blood inventory management can be addressed from two hierarchically related
points of view: the micro level of a HBB, and the macro level of a RBC. At the
micro level, the analyst is interested in defining, analyzing and evaluating
management policies used by the HBB. Such policies include the HBB's ordering
policy, the inventory management at the HBB, the issuing of blood for
transfusions to patients, and the processing of blood into components. At the
macro level, the analyst is interested in examining allocation and distribution
policies of blood from the RBC to the HBBs, determining the appropriate topology
of the regional network (centers, depots, etc.) and defining efficient and
effective organizational structures in the system.

Some of the previously developed important results for the HBB 1level are
the following:
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1. The optimal ordering policy for a HBB 1is not one of the standard
inventory policies (e.g., S type, or S-s type). Instead, it is a very
complex one, and computationally very difficult to determine (see
Nahmias [20], Fries [14] for more details). However, the well-known
inventory policy of ordering periodically up to a fixed "desired"
inventory 1level is very close to the optimal one (see Nahmias [21,22],
Chazan and Gal [5] and Cohen [6] for details).

2. The demand and usage of blood at hospitals appears to follow some
common statistical pattern, as indicated by several researchers (see,
e.g., Elston and Pickrel [11,12], Rabinowitz and Valinsky [34], and Yen
[38]. These patterns, once determined, can be used to determine
inventory levels that will achieve desired shortage and outdate rates.

3. The "first-in-first-out" (FIFO) issuing policy appears to be a good
policy to follow when cross-matching units for patients (see Pierskalla
and Roach [26]).

Even though the problems to be examined, the methodology to be wused, and
the results obtained are clearly defined at the HBB level, this is not the case
for the RBC level. There, the theoretical problems become more complex since
they .involve much larger state and decision spaces. In addition,
organizational, behavioral and implementation issues play a more important role.

The regional management systems that are usually found can be considered as
falling roughly into one of two categories: (i) Decentralized systems, and (ii)
Centralized systems. A decentralized system is one where each HBB sets its own
inventory 1levels independently of the other HBBs in the region, and places
(daily) orders to meet these levels. A centralized system is one where the RBC
allocates the regional resources so as to achieve overall regional objectives,
In both cases, blood collection is the responsibility of the RBC, which, because
of the time lag between the scheduling and the realization of a blood collection
trip, attempts generally to schedule daily collections of equal size.

In each of those systems blood units can be shipped from a RBC to a HBB
either on rotation or on retention. A rotation system is one where the units
are shipped to a HBB on consignment. The RBC maintains authority over the unit
and can transfer it to another HBB (according to a plan, or when needed). The
HBB pays only for the units used. A retention system is one where, once the
unit is delivered to the HBB, it stays there until either used or outdated.

Finally, a regional management system is characterized by the topology of
its network. The two most common ones are the star and the tree networks. In
the star network the RBC supplies directly the HBBs in the region. In a tree
network, intermediate depots exist between the RBC and the HBBs.

Each of the above organizational structures requires a different mechanism
for monitoring and control. As an example, a rotation type system assumes the
existence of communication channels that transmit timely and accurate
information on blood availability, needs, etc., as well as transportation
capabilities for transfer of blood. Also, each structure provides different
incentives for participation. As an example, centralized systems often
guarantee to the participants (HBBs) assured supply when in need, as an
incentive for participation.

Therefore, the relative success of each of these structures in a given
region depends very much on the following three important factors:
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1. the parameters of the distribution system that will be implemented
within a certain organizational structure (i.e., the quality of the
algorithm that will determine the size, age and frequency of shipments,
distribution schedule, etc.).

2. the mechanisms for communications, monitoring and control that will be
used, and the relative cost, efficiency and effectiveness of these
mechanisms.

3. the incentives for participation that a given structure provides to the
HBBs.

Most of the literature on regional management systems prior to our research
concentrated on empirically developed and successfully operating regional
systems. Some examples are the ones used in Connecticut [15], and Milwaukee
[371. The most important conclusions that were drawn from this literature are
the following:

1. Centralized management and rotation of units generally improve the
efficiency of the region. (See, e.g., Graf, et al [15], and Yahnke, et
al [37], for more details.)

2. Prescheduled deliveries alleviate some of the uncertainty involved and
they help towards better scheduling of the use of the resources, and,
therefore, contribute towards the efficiency of the region (see Yahnke,
et al [37] for more details).

3. Computer information systems can be of big help in the monitoring and
in other logistical issues of the distribution system (see Frankfurter,
et al [13], Hogman and Ramgren [16], Masouredis, et al [18], and
Pegels, et al [25] for some examples).

On the basis of these empirical conclusions it was decided that the class
of policies to be developed should be characterized by centralized management,
some form of rotation, and prescheduled (to a great extent) deliveries to the
HBBs. Also, because of the analytical complexity of the system, the existence
of multiple objectives, and the complexity imposed by using the systems
approach, an interactive computer system should be developed, to be used as a
decision support tool to the RBC management. This way, alternative goals,
strategies or scenaria could be effectively evalua;ed by combining the use of
analytical models and data stored in the computer,  together with subjective
judgement and trade-offs on the part of the decision maker.~

Specifically, the questions that this sytem was set to address are the
following:

1. What are the minimum achievable outdate and shortage targets that can

be set for the region? /

2. What distribution policy should be used to achieve those targets?

3. What should the level of the regional supply be, in order to achieve
these (or other) targets?
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4, DATA COLLECTION AND ANALYSIS

A fundamental task in the design of a regional blood management system is
the analysis of the statistical patterns of demand and usage of blood at each
hospital, and the derivation of probability models that can confidently describe
these patterns. To address this issue, data collection forms were designed,
data were collected and analyzed, and models were formulated.

There are three uncertain quantities in each HBB's daily demand and usage
pattern of each blood type: the number of daily requests (N), the size of each
request (n), and the usage of each request (u). To capture the daily variations
of N, and the variations of n and u among different requests, the two forms that
are shown in Figure 1 were designed. Form 1 is used to record the total number
of requests received daily by the HBB, for each blood type. The analysis of
these data provides us with the statistical pattern of N. Form 2 1is wused to
record the demand and usage of each request, over a certain period, for all
types together. These data provide us with the statistical patterns of n and u.
It is assumed here that the blood type does not affect the size or usage
distribution of a request, and that data will be collected over a significantly
long (say, 3 months) period of time.
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Hospital: Period:

Blood type: Page of
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Figure 1b: FORM 2: Size and Usage of Requests

The results show that there are indeed similar patterns between HBBs: the
number of daily requests N can be approximated by a Poisson random variable, the
size of a request n can be approximated by a modified lognormal random variable,
and the wusage u out of a request of size n cah be approximated by the weighted
sum of a Poisson-type truncated probability distribution, and of an inverted
Triangular distribution. These analyses show that these patterns are functions
of HBB parameters which turn out to be easily computable from HBB records.
These are the mean number of daily requests, the mean size of a request (or,
alternatively, the percentage of requests that are made for one unit), and the
ratio between the mean demand the mean usage. The reader is referred to
Brodheim and Prastacos [4] for an explanation of the above distributions and
parameters and for a more detailed presentation of these results.

5. ANALYTICAL MODELING

a. Class of Policies

As explained earlier, the class of policies to be implemented was decided
on the basis of previous empirical evidence of success, as well as discussions
with the members of the blood banking community (HBB and RBC administrators,
ete.). This class can be described as a centralized allocation policy, with

prescheduled rotation and retention shipments.
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Specifically, each HBB periodically receives scheduled shipments. Each
shipment is composed of a fixed number of fresh (1-2 days old) rotation units,
and a fixed number of older (6-7 days old) retention units. The retention units
are permanently retained by the HBB until transfused or discarded at the end of
their useful life. The rotation units that are in excess of a fixed "desired
inventory level"™ at the end of the period are returned to the RBC for
re-distribution as retention units. It is understood that the 1length of the
period, the size of the shipment, and the proportion between rotation-retention
units will generally vary between HBBs.

b. HBB Modeling

Before analyzing the regional problem, we need a detailed analysis of the
HBB behavior when the HBB participates in a regional system as the one described
above. Specifically, a model is required that relates demand and usage to
shortage and outdate rates, as functions of the RBC blood distribution policy
and the HBB's blood stocking policy. Such a model was established by a
combination of statistical analysis and Markov chain modeling.

i) Shortage rate

The shortage rate of a given type at a HBB depends only upon the total
inventory 1level, and the statistical pattern of demand. Since this pattern is
known (from chapter 3) as being a function of a HBB parameter, a model was
derived relating a HBB's expected shortage rate to its daily inventory level.
Figure 2 presents the inventory level-mean demand curves for certain typical
values of availability rates. Note that availability rate is the complement of
shortage rate; e.g., a 90% availability rate implies 10% shortage rate). The
reader is referred to [2] for more details on this model.
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Figure 2: Availability Rate Model
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ii) Outdate rate

In contrast to the shortage rate (which depends on the total shipment), the
outdate rate is only a function of the retention units. The number of retention
units in inventory at a HBB immediately after each delivery can be represented
by a finite-state Markov chain, whose transition probabilities are a function of
the fixed periodic input (i.e., the fixed retention shipments), and of the
variable demand and usage. Under the assumption that the oldest unit in
inventory is transfused first, the steady state solution of the system can be
computed and related to the utilization rate. This model was examined in [1],
where analytical approximations were derived for Poisson usage, relating the
number of retention units in each shipment to the resultant outdate rates with
the desired inventory level as a parameter.

It was shown that this stocking procedure maintains the mean inventory
close to this desired inventory level most of the time. It was also shown that
adding additional stages of returns and re-distribution would make only slight
improvements in the shortage and outdate rates achieved. Since multiple
re-distributions introduce several logistical problems and significant
transportation costs, distribution strategies involving more than two stages of
distribution were not investigated.

c. RBC Modeling

i) Properties of desirable regional allocation strategies

Having derived models enabling us to predict the shortage and outdate rates
of a HBB for any policy implemented by the RBC, the regional allocation problem
was examined. It was assumed that some fixed penalty costs were associated with
every non-available unit and every non-utilized unit, and the objective was to
determine the distribution policy parameters so as to minimize the total
expected regional cost.

First, the policy that minimizes the total expected one-period cost was
derived [28]. It was shown that this policy involves the following operations:

1. first allocate all available retention units so as to equalize the
outdate rates at all HBBs;

2. then allocate all available rotation units (which are not subject to
spoilage) so as to equalize the shortage rates at all HBBs.

It was also shown that this policy is independent of the unit penalty
costs, and that it minimizes both the shortage and outdating of blood in the
region, simultaneously. That is, any deviation from the policy that would
increase outdating would also result in increased shortages for the next period,
and vice versa. It was next shown [27] that this policy was not only myopically
optimal but also stochastically optimal in the long run. Further, in a large
number of cases that were tested by computer, the outdate and shortage rates
computed from the myopic results also corresponded to the absolute optimal
values computed.

This result established the principle that a distribution policy should
seek to equalize outdate rates and shortage rates. This is also a policy that
has the essential elements of "fairness" in equally spreading the
non-availability risk among hospitals regardless of their relative size and is
consequently a highly defensible policy.
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Finally, it was shown that achieving the 1lowest possible shortage and
outdate rates is equivalent to selecting the desired inventory level for each
blood type in each HBB so as to minimize the total number of rotational units
that are required to achieve these shortage and outdate rates.

ii) Adding practical constraints

The above distribution model of equalizing shortage (or, availability)
rates and outdate (or, utilization) rates among the HBBs is illustrated by the
two curved lines in Figure 3. The upper curved line shows the minimum total
shipments required to achieve a fixed availability rate at a HBB of given mean
usage. The lower curved line shows the maximum retention shipments to achieve a
fixed utilization rate. Note that the utilization rate is the complement of the
outdate rate., As an example, a 90% utilization implies 10% outdating, and vice
versa. The area between the curves would have to be met by rotational
shipments. As can be seen from the right tail of the curves, this results in a
situation where the larger usage HBBs receive almost all of their shipments in
older retention units, while the smaller usage HBBs receive almost all of their
shipments in fresh rotation units.

Minimum

Total Shipments i

Constrained by Fixed W Scheduling Factor
Blood Availability Rate Q Policy Bounds

Shipments

ximum Retention
Shipments Constrained
by Fixed Utilization Rate

Mean Daily Usage, U

Figure 3: Shipping Policy Constraints

To alleviate this situation, and provide all HBBs with a reasonable mix of
fresher and older bloods in inventory, an upper bound was placed on the
scheduling factor (the proportion of mean usage replaced by retention
shipments). The total amount delivered to each HBB was further constrained to
exceed the mean usage by at least the complement of the scheduling factor.
These constraints are represented by the "scheduling factor policy bounds" in
Figure 3. It can be seen from this figure that this policy modification acts to
equalize the mix of fresh to older bloods between HBBs. The scheduling factor
was left as a decision parameter since the mix of larger and smaller HBBs varies
as a function of the region and also to provide an extra degree of freedom to
ad just regional blood distribution in times of overall blood shortages.
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Finally, the effect of varying the interval between deliveries was
investigated using the mean number of wunits on rotation as a basis of
comparison. The week is divided into 6 delivery days with Saturday and Sunday
counting as a single delivery day. It was determined that for blood types where
mean daily usage is small, the mean required number of units on rotation is
independent of whether the delivery interval is one, two or four delivery days.
For higher values of mean daily usage, the difference between one day and two
days delivery intervals remains slight, but increasing the delivery interval to
four days causes significant increases in the mean number of rotational units
required to achieve the policy objectives.

As a result of these observations, HBBs that .ransfuse less than
approximately 1,500 units per year are receiving deliveries every four delivery
days. Since analyses showed little distinction in the number of rotational
units required between one day and two day intervals between deliveries, all
larger HBBs were encouraged to utilize two day intervals between shipments.

iii) The Final Model

On the basis of the above, the final model was formulated as a mathematical
program. The decision variables determined by the program are the distribution
parameters: size of rotation and retention shipments, frequency of deliveries,
and desired inventory levels for each HBB.

The objective of the program is to achieve the set "target" values for
availability and utilization rates,  while conforming to the operational
constraints, with the minimum possible amount of total fresh rotational blood
needed in the region.

Even though the model is highly nonlinear, its structure is decomposable,
and the optimal solution is easily obtained by parametric enumeration.

6.  IMPLEMENTATION AND OPERATION

The Programmed Blood Distribution System (PBDS) is the tool used to
implement the above model in any region. The system is broken down into three,
interrelated functions which are:

1. to plan the regional distribution and to forecast performance measures;
2. to implement the regional distribution plan;

3. to evaluate the actual performance with respect to forecast and to
indicate changes required in the distribution plan when appropriate

The inter-relationship between these functions is illustrated in Figure 4
which acts as the basis for the discussion which follows. The planning and
evaluation functions involve the top management while the implementation
function is intended to be carried out by middle level management.
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Figure 4: Programmed Blood Distribution System Flow Chart

a. The Long Island Blood Services (LIBS) Prototype

LIBS was set up as a prototype regional association of blood service units
to demonstrate and evaluate the effectiveness of PBDS., LIBS is approximately
the median size of existing regional associations and processes approximately
100,000 units of blood per year. It serves a diverse area ranging from the
rural parts of Suffolk County to urban parts of New York City with a combined
population of 2 million persons, LIBS is one of four divisions of the GNYBP
which serves approximately 18 million people in the greater New York area. This
facilitates interaction between these regions for such purposes as to smooth out
local short-term shortages and surpluses.

The implementation of the program was carried out in a series of planned
stages. At first only four hospitals were invited to join the program. These
were provided support to correct rapidly the start-up problems that occurred.
Once these were working to the satisfaction of the HBB supervisors, they
described the system to supervisors of other HBBs at seminars where the
Operations Research staff, wherever possible, played a passive role of providing
information when requested to do so. By this technique, all but 4 very small
HBBs in Long Island voluntarily joined the program within two years, and none

has dropped out.
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b. Overview

The initial planning starts with collecting the initial estimates of demand
and usage for each of the HBBs in the program. This information, together with
additional data required for shipping and other purposes, is used to create data
files. From these data files, and using the model described above, "policy
selection tables" are generated. These tables indicate the minimum total fresh
supply needed to be distributed on rotation in the region over a two week
period, in order to achieve certain "acceptable" values for availability and
utilization. On the basis of these tables, of the amount and the stability of
the collections, and of the reserve to be kept at the RBC, the attainable values
are determined, and the "target" values are selected for these performance
measures.

Once the planning phase is completed, hospitals are assigned to delivery
routes, These delivery routes are constrained to provide for deliveries to all
hospitals at a fixed time each delivery day. Delivery day intervals are either
one, two or four days, depending on the size of the hospital and special
requirements or strong preferences expressed. From these assignments "regional
distribution summaries" per delivery day are prepared for evaluation. These are
revised as needed to equalize the amount of blood distributed each day as far as
possible. 1Individual hospital "summaries of delivery schedules" and of "desired
inventory levels" are then prepared and sent to all HBBs. After discussions
during which the above distribution schedules are confirmed or modified as
required and extensive educational sessions with the HBBs' management and
operational personnel take place, the operation is ready to start. The final
step is the preparation of packing documents which are prepared in the order in
which deliveries are to be made.

Once operational, data files or distribution schedules are modified by one
of two means. As new hospitals are added, as hospitals are removed, as changes
in usage occur, such as those from increased bed capacity, or as changes 1in
usuage are detected by the control procedure, the data files are modified. The
policy selection tables are revised each time there are revisions in usage
estimates. The revised tables are then manually evaluated to determine if the
changes are substantial enough to require a change 1in targets. A change in
targets may also be required if a substantial increase or decrease in the blood
supply is anticipated from other information. If such changes are required,
then the regional distribution forecasting procedure is peformed again as
described above.

c. Scheduling Deliveries

A major advantage of PBDS, both to the RBC and to the HBBs, is the ability
to pre-schedule most deliveries. Prior to PBDS being implemented, a number of
delivery vehicles were dispatched as orders came in. For urgent orders,
vehicles were dispatched immediately, while for more routine orders an attempt
was made to hold vehicles back until several deliveries in the same geographical
area could be combined. This procedure was expensive and, perhaps more
importantly, resulted in situations where even urgent orders were delayed, since
delivery vehicles were not always available during peak delivery hours.

With the PBDS most deliveries are pre-scheduled, and take advantage of
known traffic patterns in order to minimize delivery time. An interactive,
computer-aided procedure was devised which assigns HBBs to delivery routes so as
to meet their time and frequency of delivery requirements. The twelve delivery
day planning cycle is split into three groups of four delivery days, after which
the delivery cycle repeats. In each four delivery day cycle each HBB receives
either one, two or four deliveries. The procedure tries to satisfy the delivery
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requirements without leaving gaps in consecutive time slots, since an empty time
slot indicates idle time.

d. Major Modules of PBDS

i) Poliey Selection

This is the first module to be run in order to implement PBDS in a region.
The user (regional center) interactively specifies alternative values (targets)
for the performance measures, and the system computes the corresponding minimum
fresh supply needed in the region to achieve these targets. The results of the
computation are shown on a policy map, such as the one shown in Figure 5. The
entries of the map indicate the quantities of the most common blood type (0+:
relative frequency 38%) that need to be distributed as rotational blood every 2
weeks in order to achieve the targets shown in the corresponding coordinates.

Referring to Figure 5, to achieve a 2% outdate rate and 10% shortage rate,
and maintain a 110% replacement of the mean usage at every delivery to every
hospital, a quantity of 723 fresh units has to be distributed in the region
every 2 weeks. This implies that collections in the region have to be at least
equal to this quantity (usually higher, to maintain a buffer at the center) in
order to implement such a policy. Given the region's level of collections (say
750 units in two weeks), the center can therefore draw a "policy boundary," as
indicated in Figure 5, and select the regional target along the boundary, by
evaluating tradeoffs between the components of the target vector.
either to determine the best

These maps can be used by the center

achievable performance targets (given the existing size of collections, and
hospital mix), or to determine the appropriate size of collections needed in
order to achieve desirable performance targets.
OUTDATE RATE = 0.020
ELOOD TYFE O+
SHORTAGE FRACTION OF USAGE REFLACED
RATE 1.05 1.10 1.15 1.20 1.25 1.30
0.20 375 444 600 206 1089
0.18 399 486 639 807 975 1161
0.16 447 528 690 867 1035 1230
0.14 498 . 750 936 1110 1305
0,12 555 831 1017 1191 1374
0.10 636 @2 1110 1290 1473
0.08 729 1038 1233 1413 1596
0.06 873 296 1185 1392 1566 1752
0.04 1080 1203 1407 1602 1767 1977
0.02 1437 1569 1758 1965 2136 2340

Figure 5: Policy Selection Table
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ii) Distribution Schedules

Once the target values have been selected, the detailed rotation and
retention parameters for each hospital are calculated, using the solution
algorithm described above, and daily shipments are computed. Figure 6 shows a
computer output of a typical distribution schedule, indicating the shipments
made over a 2-week period. We note that the shipments repeat themselves every 4
delivery days. No shipments are made on the other days.

SCHEDULED SHIPPING TO HENRICO DOCTOR'S HOSPITAL DATE EFFECTIVE
USAGE DATA SET NO. 9 SHIPPING POLICY Mo, 9
BLOOD TOTAL WHOLE BLOOD (WB) PACKED CELLS (PC)
GROUP
& RETEN ROTA  LONG STOCK SRORT  LONG STOCK  SHORT
TYPE TION TION DATE DATE DATE DATE DATE  DATE

DELIVERY DAY &

o+ 4 9 & 2 0 5 2 0
A+ 2 9 & 1 0 5 1 0
M [ 0 0 ] 0 ] ] n
AB+ 0 0 0 o ] 0 0 0
o- 0 0 0 0 0 0 0 0
A- 0 0 0 0 0 0 0 ]
B- 0 0 0 [} ] ] 0 0
AB- 0 0 0 0 ] ] 0 0
TOTAL 6 18 8 3 ] 10 3 0
DELIVERY DAY 8

o+ 4 9 &4 1 0 5 3 [}
A+ 2 9 4 1 0 5 1 0
B+ 0 0 0 0 0 0 0 0
AB+ ] 0 0 0 0 0 0 0
0- [} 0 0 ] 0 ] ] ]
A- [} ] 0 ] ] 0 0 [
B- 0 0 0 0 0 ] [ ]
AB- 0 0 0 0 0 0 0 0
TOTAL 6 18 8 2 0 10 4 ]
DELIVERY DAY 12

o+ 3 9 3 1 0 6 2 0
A+ 2 9 3 [} ] 6 2 0
B+ 0 0 0 0 0 0 o ]
AB+ [} ] ] ] 0 ] 0 ]
0- ] ] 0 ] ] ] 0 0
A- 0 0 ] 0 0 0 0 ]
B- ] ] ] ] 0 0 0 ]
AB- 0 Q 9 Q 0 Q Q 0
TOTAL 5 18 6 1 0 12 4 0

THE NEW YORK BLOOD CENTER-OPERATIONS RESEARCH LABORATORY-PROGRAM PEDS3

Figure 6: PBDS: Distribution Summary Form

iii) Controlling the System

The shortage deliveries and the rotational returns for each hospital are
monitored in order to detect changes in hospital requirements. Every two weeks
the "discrepancy" between the hospital's estimated and expected usage during
these two weeks is computed. This discrepancy is added to the cumulative
discrepancy from prior weeks to form an updated cumulative discrepancy, which,
together with the number of weeks included in it, and the value of the
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hospital's expected usage, are used to compute the "normalized cumulative
discrepancy" of this week. This last value is compared with a statistically
established "limit;" if it exceeds the limit, it is concluded that a shift in
usage level has occurred. New usage estimates are computed, and new
distribution shcedules are prepared. Otherwise, no action is taken. We note
that the cumulative discrepancy is computed for a period of up to 20 weeks.
After the first 20 weeks and every 10 weeks thereafter, the oldest 10 weeks are
dropped and a new cumulative discrepancy based upon the most recent 10 week
period is formed. In this manner, a dynamic procedure is established that
proved to be effective in detecting shifts in usage.

e. Regional Blood Flow

The resulting regional blood flow is illustrated in Figure 7. In this
figure the aging of the RBC inventory is indicated down the center of the figure
with the scheduled movement of blood to HBBs indicated to the left of the figure
and the non-scheduled movement to the right. The long dated, stock dated and
short dated RBC inventories refer to blood units that are suitable,
respectively, for rotation shipments, for retention shipments and solely for
supplemental shipments -- which are filled by the oldest available units. The
arrows indicate the blood flow that is normalized to 1,000 bloods collected.

ILLUSTRATION OF PLANNED REGIONAL BLOOD FLOW
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Figure 7
f. Computer Operation

The effectiveness of PBDS depends upon accurate and timely data on
operations, which 1is achieved in part by running the system on a minicomputer,
and by utilizing machine-readable bar codes on blood products and on test
samples. The machine-readable codes on test samples are used in conjunction
with automated equipment which peforms blood type determinations and 1links the
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data concerning the unit and its test results directly in the computer. This
provides the earliest possible indication of what products will be reaching
inventory during that day. The bar codes, which indicate product, blood type,
identification numbers, etc., are also scanned as blood units are shipped out
and returned, to maintain perpetual inventory. In this manner, the total
inventory picture at the RBC is accurately maintained in real time.

The light pen techniques are also utilized to control computer operations
and to identify the locations to which blood products are shipped or from where
they were received. This is done by scanning bar codes on menu sheets that list
all shipping 1locations, all types of transactions and all available types of
computer operations. This way, the ' computer is effectively used by
non-technical personnel, and any errors in entering data are minimized.

In order to maintain a modular approach that can be utilized by all RBCs
regardless of size, a network of minocomputers is being used to handle all the
RBC blood processing needs. In a larger operation, such as LIBS, the operations
are split functionally (i.e., separate minicomputers in the laboratory and
distribution areas), while in the smaller centers a single minicomputer would
handle all functions.

7. IMPACT

PBDS has already made a significant and permanent impact on the management
decision process in Long Island. In the previously prevailing "reactive" mode
of operation, the hospital blood bank and the regional blood center each made
daily decisions on blood distribution from differing viewpoints. Each HBB
regarded the situation from the point of view of its own inventory while the RBC
regarded each order from a blood bank from the point of view of the reserves for
the entire region. This inherently had to lead to an adversary relationship.
With PBDS, the RBC assumes responsibility for the long-term distribution poliey,
while each HBB assumes responsibility for the daily adjustment of its inventory
level with respect to a pre-agreed level. As a consequence, the relationship in
Long Island has shifted from an adversary one to a recognition of their common
objective of distributing the blood supply available to the region in an
equitable manner, and a recognition that mismanagement of the supply by any HBB
in the system affects the entire system and consequently each individual HBB.

PBDS has also made a significant impact on the performance of the region's
blood distribution system. Before it was implemented, the reactive distribution
system that was in effect resulted in an outdating of approximately 20% of their
blood resources, and an average number of 7.8 weekly deliveries per hospital,
all of which were unscheduled. With PBDS the regional outdating has been
reduced to approximately 4%, with an average of 4.2 weekly deliveries per
hospital, out of which only 1.4 are unscheduled. The target outdate rate has
been set at an average of 2% and the target number of total deliveries at an
average of 3.8. These values are shown in Figure 8.

The long-range objective of PBDS is to provide a basis for a planned
inter-regional blood distribution network, which would establish a measure of
cooperation between regions, and thus provide a mechanism for a more efficient
utilization of the blood resources at the national level. For this to be
achieved, further research is needed on the modeling of both operational as well
as strategic type decisions associated with blood inventory management, and on
the design of decision support systems, that will evaluate these decisions in
view of existing or alternative management structures.
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THEORETICAL FOUNDATIONS OF A CONCEPT FOR A

DECISION SUPPORT SYSTEM

B. Page

Technische Universitdt Berlin

. Introduction

Regional blood donor services and hospital blood banks have been
confronted with a constantly increasing demand for whole blood and
components during the last couple of decades. At the same time, new
organizational and technological concepts did not evolve rapidly
enough to meet the increasing workload and higher quality standards
in an appropriate manner.

In particular, the following shortcomings appear typical for many
regional and hospital blood banks:

- 1ittle control on the number and blood types of donations;

- limited overview in the regional centers on the storage place of
blood units after delivery as well as in the hospitals themselves
because of organizational and information deficiencies;

- overordering by hospitals, especially for rare blood groups.

The result of these shortcomings are seasonal and local imbalances
in blood supply with high outdating and shortage rates. An outdating
of 15 % to 25 % (5), in some cases up to 30 % (4), is quite
common. For the Berlin Blood Donor Service a rate of around 20 % was
found in a statistical analysis from 1976. At the same time, 25 % of
the deliveries were emergency shipments by taxi or errand. The
application of modern computer technology (see (10)) and later of
statistical and operations research methods for improved inventory
policies (see (9)) are promising approaches to overcome these
difficulties.

For several years a data base-oriented computer information system
has been under development for the Berlin Blood Donor Service (BBD).
The BBD is producing more than 90 % of the overall whole blood
demand in West-Berlin with around 70 client hospitals. A short des-
cription of the computer system is given in the poster session of
this conference report.

It is planned to implement a decision support function as part of
this information system in a later development phase. The
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theoretical foundations of the concept were developed in a
simulation study which will be briefly summarized in the following
paragraph. For a more detailed discussion, see references (7)

and (11).

The Theoretical Model and its Restrictions for Real Applications

A simulation model was designed to investigate alternative inventory
and distribution policies in a centralized regional blood banking
system using real data from the BBD. The model describes a closed
regional blood supply system with a blood donor service as the
central blood supplier for any number of client hospitals of
different sizes in terms of transfusion patients and emergencies,
with and without blood depots of their own.

The structure of the model is shown in Fig. 1.

On-call donors are only requested if blood of the desired group is
not available in the total system. An emergency shipment is initiated
if the blood group needed is not in the unassigned blood inventory
of the respective hospital. Inter-hospital transfers take place if
the central donor service cannot deliver.

Transfusion
Patients
Hospital
Inter Hospital
[ fusi
On-call Transfers Transfusions
Donors Central
Regional Regular and Emer- Hospital
Blood gency Deliveries ’L_‘P
Random Bank
Donors ——& Outdating
of Hospital
v
Outdating

Fig. 1: The Structure of the Model

With the simulation model, a heuristic allocation procedure for an
optimal distribution of blood units and a statistical donor call-up
were tested. The results showed a reduction in inventory costs to
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almost one third due to a decrease in blood outdating to less than

5 % and in shortages to 10 %.

It is clear, however, that these results are of a theoretical nature
and have to be considered as a lower bound for what reduction might
be achievable under optimal conditions. But these are not usually
found in real applications. In this simulation study, full
information and central control of the donor service on the inven-
tories of client hospitals were given. Rapid and accurate to all in-
ventory information can only be provided by an on-line computer net-
work connecting the blood donor service with the client hospitals.
Under present conditions, this solution cannot be justified
economically, unless other functions outside the field of blood
banking are added. But even with the restriction of limited in-
formation in a real blood banking system, the mathematical inventory
methods mentioned could lead to a considerable cost reduction in
blood inventory if they were adapted to this situation.

In the next paragraph the concept for a decision support function
within the BBD-information system is outlined which adopted its
basic ideas and some of the algorithms from the simulation study.

3. The Concept of a Decision Support System

As dispositive or decision support functions, respectively, of the
computer information system for the Berlin Blood Service an Automatic
Allocation Proposal for Blood Units and an Automatic Donor Call-up
Proposal were developed.

3.1 Automatic Allocation Proposal for Blood Units

The content of this procedure is a method for the demand-adjusted
assignment of blood units available at the BBD for delivery to the
client hospitals. The aim is the promotion of an adequate and
balanced blood inventory policy in the hospitals in order to reduce
outdating and shortages.

Following the telephone reception and the on-line computer data
entry of the hospital's blood orders for the regular delivery

tour at the BBD, an allocation of whole blood units and blood
components to the different hospitals is performed by the computer.
The allocation algorithm carries out the following seven steps:

Preorders a few days in advance help the regional center with their
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delivery arrangement and should be encouraged. In addition, pre-
orders are usually placed with a certain patient in mind.

If the blood components ordered (fresh frozen plasma, red cells,
etc.) are on stock, they will be allocated. If this is not the
case, whole blood units (fresh ones only if required) are assigned
for the production of the components.

Since blood components are only employed for special transfusion
indications, such a hospital order is intended for a special
patient.

In this step orders with additional blood group classifications to
the common ABO- and Rh-system are processed (Kell, Lewis, P. HLA,
etc.). Again it is assumed that more specialized orders are field
for certain patients only. This assumption - as well as the one in
step (2) - might not be valid for university hospitals and hospitals
with specialized transfusion-medical wards, but it will certainly
hold for the regular municipal hospitals which account for the
larger share of the blood orders at the BBD.

Here fresh blood 1 to 3 days old is assigned (youngest first).
Since fresh blood units are only required for special indication,
it is usually ordered for special patients and transfused shortly
after delivery.

In this step small hospitals and private practices are addressed
which place blood orders only occasionally. Since they do not stock
blood in depots of their own, their orders will be for immediate use.

Here only medium-sized and large hospitals with own blood depots,

not covered in step (5), are included. Orders are called urgent if
they are filed for patients awaiting immediate transfusion. Hospitals
have to specify how many units of their order are urgently needed.

If the available inventory at the regional center is sufficient,

all urgent orders are dealt with. If not, an allocation algorithm
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is initiated which has been adopted from the simulation study. It
allocates the blood to the hospitals in such a way that all urgent
orders are dealt with at the same rate.

In the last step the remaining orders are processed. Basically,
the same allocation algorithm is used as above, with the exception
that the relative inventory level of each hospital is considered.
For every available blood unit the hospital with the minimal ratio
of actual inventory (as reported by thelephone and incremented by
additions from the allocation procedure) and average transfusions
for this blood group receives the allocation. In this way, all
hospitals have the same relative inventory level and imbalances in
the supply system are avoided.

The function of the automatic allocation procedure is not to
determine the final delivery scheme. It is rather provides aproposal,
a decision aid for the physician in charge. He can rearrange the
blood unit allocation and decide on specialized orders himself. Only
after the changes have been fed into the computer system, the
delivery scheme is ultimate and the delivery forms are printed
automatically. The weakness of the stepwise procedure described

is its dependency on inventory and urgency information from the
hospitals which will probably not be very accurate. This data might
be even purposely biased to receive more blood. In real applications
we simply do not have perfect information as in a simulation model.

A control program could be developed to check the hospital's data
transmitted by telephone with the computer after receiving the trans-
fusion protocols in the regional center. In this way, the inventory
level in each hospitals could be compared with orders and transfusion
on that day. Such an analysis would become totally obsolete, however,
and the regional center could not do much more than put some moral
pressure on negligent hospitals afterwards.

In a more sophisticated and effective approach, the hospitals would
have to report their inventory departures by blood unit number when
they place their orders over the telephone. In this way, a central
inventory file of all hospitals could be kept at the blood donor
service and used for the automatic allocation procedure. It would

not be as up-to-date as an on-line system, but would be an

effective off-line approach with daily updating (at least for the
medium and larger hospitals with regular orders). Hospitals could
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benefit directly from the additional time invested in telephone
reports if they were provided with inventory lists, printed by

the BBD-computer, arriving with the morning deliveries. They

could be used for inventory control at the blood depots and updated
manually during the day, and they could be used as order forms for
the next delivery.

The great advantage of this approach is that hospitals are encouraged
and supported in keeping track of their blood inventory and using

the same forms throughout. '

Automatic Donor Call-up Proposal

The content of this procedure is forecasting the blood unit supply
two weeks in advance and the demand-adjusted call-up of blood

donors on the basis of this forecast. The aim is a permanent adjust-
ment of the blood inventory in the total supply system to the demand
in order to smooth out seasonal imbalances.

Forecasting and donor call-up are performed twice a week and two
weeks in advance. Three steps are followed by the procedure:

The following forecasting equation is used:

(BDS) )_ oy (BDS) _
F{Blb,t+14 = Blp e ¥ 1Dy te1g F O PRFp FH0h t414
- F {-Bb,um} (3.2-1)

with blood group b=1,2,...,8, request period p=1,2,...
and t=1 (=Monday), 3 (=Wedn.), 8 (next Mond.),...

were
F {} Forecast
BIéBES) Blood inventory of group i at blood donor
service at day t
PRFb p Percentage of donation requests followed
by donors by group b in period d
HOb,“14 Hospital orders of blood group b until day t
LBb,t+14 Lost blood units of group b until day t+14

at the donor service (outdating, suspensions,
etc.)
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) (BDS) _ (BDS)
DBD,, , = DBI} FSBI o b + Fonoy (3.2-2)

with blood group b=1,2,...,8, t=1,3,8,..., and p=1,2,...

were
DBDb b ] Desired blood donations with group b for
half week request period p
DBIéBDS) Desired blood inventory of group b at blood
donor service
HOb b Hospital orders with blood group b for period p.

Since not all donors called upon actually do show up, more
donors will have to be called up than are actually needed:

DBD
- bep (3.2-3)

DC
P F PRF

with b=1,2,...,8, and p=1,2,...
were

DC Donor call-up with blood group b for request

b,p
period p.

An easy adaptive forecasting method for computing the forecasts in
equations (3.2-1) to (3.2-3) with 1ittle effort is the approach by
CHOW (/2/), which is a modification of the well known Exponential
Smoothing.

The automatic call-up procedure, described above, is again not more
than a proposal, a decision aid for the blood bank management in
determining how many blood donors of each group should be requested.
The forecasts and the call-up proposal are given on a printout,

and corrections by the physician in charge are expected before the
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program screens the donor data base to select donors for call-up,
using criteria such as last donation date, results of last medical
examination, appointment preferences, reliability or location.
Finally, the request letters are printed automatically.

The shortcoming in this approach is again the limited information
available in real applications, as opposed to the theoretical
modelling situation. Since hospital orders used as demand deter-
minant, a bias is introduced into the procedure. In addition, merely
the inventory in the regional center is used, neglecting the larger
stock in the hospitals. With the off-line system as outlined above
with daily inventory reports from the hospitals by telephone, however,
an improvement of the forecast and call-up procedure could be
achieved. Instead of the hospital orders we could introduce the
actual transfusions and outdating as demand determinant and the total
supply, including the hospitals, into the equations.'

Summary and Conclusions

Many blood banks face the problem of high outdating and shortage
rates because of inadequate inventory policies. A simulation model
was briefly discussed which was used to test alternative blood
inventory and distribution procedures in a regional blood supply
system. These procedures showed a large reduction in blood waste and
shortages and, therefore, in costs.

To apply the methods in a real environment, modifications and exten-
sions were necessary to make up for the limited information available.
This was demonstrated with the concept of the decision support
function which will be part of the computer information system for
the Berlin Blood Donor Service. An automatic allocation proposal for
blood units and an automatic donor call-up procedure were introduced.

Although it cannot be expected that the full cost reduction of the
simulation study could be realized with this decision support function,
some improvement seems within reach. It has been reported elsewhere
(1, 13) that a decrease in blood outdating of 6 to 7 % was
attained after the installation of a computerized inventory system.
This system merely provided inventory statistics without any
decision support functions. Therefore, a reduction of approximately
10 % appears to be a realistic estimation for the BBD. Annual cost
savings of more than 400.000 DM could be realized due to reduced
blood purchases from external sources. Fewer taxi rides for
emergency deliveries because of lower shortages woul add to cost
savings.
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A COMPARISON OF DECENTRALIZED AND CENTRALIZED DISPOSITION SYSTEMS
FOR RED CELL CONCENTRATES

W. Popp, H. Vollert!)

Universitdt Bern
Betriebswirtschaftliches Institut
Abteilung filir Operations Research

Sennweg 2, CH-3012 Bern

1. Introduction

It is well known that the centralization of decision rules for the disposition of

Red Cell Concentrates [RCC] in practice has demonstrated considerable advantages in
most cases, e.g. by the reduction of shortages and outdates. Some results by Prasta-
cos and Brodheim [4] - for Long Island, N.Y. - and by Lau and Morand [1] - for Ohio -

are presented in Table 1.

Performance
measures Percentage of outdates | Percentage of shortages
| Region dc c dc c
Long Island 23 4 27 9
Ohio 14.7 6.8 - -

Table 1: Comparison of decentralized (dc) and centralized ( c) disposition

systems

In Section 2 of this paper a rough framework of a multistage decision system for the
disposition of RCC is described, with a distinction made between decisions for emer-
gency and routine cases. For the routine cases the two types of decision systems that
can be used (namely decentralized and centralized) will be described in Sections 3
and 4 respectively. In Section 5 these two types of decision systems are compared for

data of RCC of blood type A+ that was collected in some Swiss hospitals.

) The authors are indebted to Prof. E. Brodheim, Sc.D., Vice President, The New York
Blood Center, New York, NY, for stimulating discussions and comments.
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2. Framework

Usually a regional center (RC) is connected with a certain number of hospitals (HS)

by an exchange of information and goods. (See Figure 1).

RC

Figure 1

Figure 2 shows a framework of a multistage decision system for one regional center
and one representative hospital. The demand for each blood group - defined by numbers
of units and by transfusion dates - is determined by the medical staff in the hospi-
tal and reported to the hospital depot. The delivery of the crossmatched units occurs
in time for the transfusions; unused units are returned to the depot. The delivery

of units from the hospital depot for transfusions is possible in two ways: by routine

or emergency delivery.

In Figure 2 the field indicated by broken lines can be completed by modules for de-
centralized and centralized decision rules. It can be seen that the emergency deci-
sion lines and a considerable part of the routine decision system remain unchanged
by the integration of the different modules.
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3. Decentralized Decisions

Figure 3 illustrates a decentralized decision situation. For routine orders from the
hospital to the regional depot, the following alternative ways to meet the orders
are possible: from stock by routine shipments or by emergency activities in urgent

cases.

Based on the organizational structure of Figure 3 a simulation model can be formu-

lated. Its planning horizon is dynamic with time steps of one day. Demand and usage
are given per time interval by probability distributions. The cost coefficients for

outdates, shortages and for routine and emergency shipments are known.

Performance measures of the model are:
- shortage rate

- outdate rate

- disposition cost per unit transfused
- average age of units transfused

Definitions of these measures are given in the Appendix.

The simulation model includes structural relations for hospitals, the regional center

and between the hospitals and the regional center. The following relations are

defined (along with others):

- inventory equations for the depots in hospitals and in the regional center, in-
cluding stocks, outdates, shortages, renewals, deliveries and the FIFO-rule as
issuing policy ;

- a S-policy for routine renewals in the depots, i.e. at each day with renewals the
stocks are filled up to upper stock levels (S-levels);

- emergency orders as a function of shortages in the depots;

- a collection schedule, worked out by the regional center, with a given horizon,

e.g. 8 days.

By the simulation process the S-levels for renewals in the regional center and in the

hospitals have to be determined together with the deliver frequencies, so that the

performance measures do not exceed given upper bounds.

For a detailed description and discussion of the model refer to [3].
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4. Centralized Decisions

Figure 4 illustrates a centralized routine decision situation. Forecasts are made
at the regional center, which are the basis for the allocation of units to the
hospital depots. Furthermore it can be seen that rotational blood is considered in

this system.

Again the given system can be formulated as a simulation model. The planning horizon

is dynamic with days as time steps. Demand and usage are defined by distribution
functions, and cost coefficients are available for outdates, shortages, routine and

emergency shipments.

The decision variables of the model are:

- frequencies for routine deliveries from the regional depot to the hospital depots
- upper bounds for outdates and shortages in regional and hospital depots

The . performance measures of the model do not differ from the decentralized case.

Structural relations to be considered are:

- inventory equations for the depots in hospitals and in the regional center; these
deviate from the equations of Section 3 by the consideration of rotational blood,
with a LIFO-rule as issuing policy for the rotational units;

- a decision rule for routine deliveries, which starts with a prediction of demand
and usage in the hospitals for a given number of time intervals. Based on this
prediction and additional information from the hospitals, e.g. of shifts of demand,
an allocation schedule is worked out by the regional center. Renewals can occur in
the regional center too by returns, coming back form the hospitals with an age of
5 to 6 days, determined for immediate usage;

- emergency orders are again a function of shortages;

- based on the prediction of demand and on the allocation schedule, a collection
schedule is worked out by the regional center for the planning horizon of the

allocation schedule.

By the simulation process the decision variables have to be determined so that the

performance measures of the model do not exceed given upper bounds.

A detailed description and discussion of the model can be found in [6].
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5. A Comparison Based on Empirical Data

The analysis of demand and usage in some Swiss hospitals, with data of half a year,
showed that the time series of demand and usage can be considered as stationary ran-
dom processes with a Gamma-distribution. The parameters of the Gamma-distributions
can be calculated as functions of mean and variance of the values in the time series.
For example, for the blood group A+ Table 2 shows estimates of the mean and variance

of demand respectively usage for 8 hospitals.

No. Estimates DEMAND USAGE

of the . .

hospitals mean variance mean variance
1 27.25 108.96 16.91 64.73
2 19.32 88.75 12.71 66.51
3 19.21 7 98.6 11.41 47.57
4 17.64 63.43 10.09 34.05
5 5.84 28.13 2.92 12.77
6 5.41 26.6 2.67 16.54
7 5.84 14.02 2.94 10.5
8 5.12 11.67 3.06 10.32

Table 2: Estimates of mean and variance of demand respectively usage

A further input for the comparison of the decentralized and the centralized model is

given by the following assumptions on cost coefficients:

- outdate cost per unit Sfr. 40.--
- shortage cost per unit Sfr. 10.--
- cost per routine shipment Sfr. 10.--
- cost per emergency shipment Sfr. 15.--

Table 3 shows a comparison of the simulation models with decentralized respectively
centralized routine decisions, based on the following performance measures:

- disposition cost per unit transfused [Sfr.]

- shortage rate [%]

- outdate rate [%]
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- average age of units transfused [days]

The performance measures depend on the frequency of deliveries from the regional
depot to the hopsital depots, which differ from hospital to hospital. Usually the
small hospitals have a delivery-frequency of 4 (i.e. a routine shipment occurs each
fourth day) whereas the larger hospitals have frequencies of 1 or 2 (i.e. routine

shipments occur each day or every 2 days).

The simulation results for blood group A+ presented in Table 3 allow the following

. 1)2)
conclusions

1. The centralized disposition brings in comparison to a decentralized disposition
system better results for all performance measures mentioned above; especially
from the last two columns of Table 3 it can be seen, that the average of units

transfused and the outdate rate can be reduced considerably - without an increase

of the shortages.

2. Improvements in small hospitals, e.g. with a decrease of average age of units

transfused, do not exclude simultaneous improvements in large hospitals.

3. A regional center improves its efficiency too by the step from a decentralized

to a centralized system - especially with respect to the shortages.

%)
2)

The simulation results for all blood groups can be found in [3] resp. [61].

The entries in Table 3 for disposition costs, shortage rate and outdate rate are
mean values with 95 %-confidence-regions. For the average age of units transfused
only average values have been computed.
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APPENDIX

Definition of the Performance Measures

Symbols

T planning horizon, t=1,...,T

m number of hospitals, k=1,...,m

i age of units, i=1,...,20

<y outdate cost per unit

Ce shortage cost per unit

< cost per routine shipment

Co cost per emergency shipment

Dk-t demand

Uk-t usage

Fk-t shortages of hospitals (equal to emergency deliveries)

Fo-t shortages of the regional center (equal to emergency deliveries)
Vk-t outdates of hospitals

Vo-t outdates of the regional center

Lk-t routine shipments from the regional depot to the hospital depots
Ui transfused units with age



152

Performance Measures

1. Shortage rate:

EFk-t
for hospital k
{Dk-t
LIF
for all the hospitals
ZEDk-t
t
LFot
t o for the regional center
%EDk-t
D (F, +IFy)
t k for hospitals and regional center
% E Dy.t

2. Outdate rate:
1V
& ket

) + U
% ( k-t k-t)

for hospital k

for all the hospitals

for the regional center

for hospitals and regional center

Faal s B Pl ne |
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3. Disposition cost per unit transfused

T . % e, Vg + S Frop v e 8L ) + ¢, 8(F )} for hospital k
k-t
t
1
T . % E fe, Vg * 6 Fk-t + ¢, 8(L,.y) + ¢, 8(F )} for all the hospitals
k-t
t k
1
T % fey Vo.p * ¢ Fop * o 8(F )} for the regional center
ket
t k
1
Loy Wog # 0 Vigd +ep (P # TR ) v Dol p) +
PV, ot k k k
t k

0 otherwise

4, Average age of units transfused:

— 1
-
o+~
[=
~
e

for hospital k

o~
—
=~
.
+

-
—
1
o~
[
~ -
+

for all the hospitals

>~
XX~
=t
=~
+
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RESTRICTIONS CONCERNING
AUTOMATED DISPOSITION SYSTEMS
FROM THE MEDICAL POINT OF VIEW.

D. ROOS

Division of Transfusion Medicine
University of Hamburg Hospital Eppendorf

Summary:

"Disposition" has different connotation in transfusion medicine de-
pending on who takes the initiative and for which institution such a
system is intended. Wile the systems described in the literature -
most of them with strong theoretical emphasis - favour an economic
concept, a medically oriented system has been planned as part of the
TRAMIDIS (Transfusions Medizinisches Informations- u. Dispositions-
System) project which is intended to prepare and support decision
processes in the sequence donor - product - patient. The system which,
in its first version, is conceived as a local system supporting a

large hospital-based transfusion service, is intended to be extended

to a regional system for Hamburg. Within the contrainsts of the
project, only a few disposition programs could be realized in addition
to the information system. This is partly due to the complexity of the
subject, partly to organizational characteristics of the environment
which prevent routine use of available programs. The bulk of scheduling
is still done conventionally, however with much improved quality due

to the availability of the information system. Some of the difficulties
so far preventing a complete realization and acceptance of the available
programs will be discussed in the following on the basis of the goals
envisaged.

1. Introduction

When the program of this conference was worked out six month ago,
the program committee agreed that accounts of practical experience
should be given preference over plans and concepts.

Translation by J.R. MGhr on the basis of the manuscript in German
and figures in English.
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New systems may be evaluated only after considerable routine
application. Usually there are unforeseen circumstances often
minor ones, that determine acceptance of a system - response time
is an example.

The behaviour of complex systems - including the human component -
may not even become evident before the Timits of functional capacity
are reached - and then it is often too late.

This kind of unforeseen difficulties will be discussed in the
following:

Automatic disposition systems are particularly prone to impediments
from such factors, since a multitude of circumstances may exert
influence the consequences of which are hard to assess. Evaluation
is, however, particularly difficult since only a few systems have
been in operation long enough.

Therefore, the planning material for an automatic disposition
system within TRAMIDIS will be the basis for a discussion of the
problems that have prevented realization so far.

There are a variety of interpretations of the goal of a disposition
system for transfusion medicine. This depends on who addresses the
problem (operations research specialist, administrator, physician)
and on which kind of institution is supposed to use the system
(regional transfusion center with distribution problems, large
patient-oriented transfusion service, cooperative endeavour of
several transfusion services).

Most approaches available in the literature are based on economic
considerations. Guidelines for the optimization of the storage

of blood units were given by ELSTON and PICKEREL already in 1965 (2).
Thereafter, JENNINGS (3, 4) treated the subject theoretically. He
emphasized the relation between outdating rate and shortage and
investigated various influences affecting the 'shortage outdating
operation curve'. YAHNKE and coworkers published in 1972 and 1973
investigations of the blood unit distribution process in a regional
data bank serving multiple hospitals including the return of blood
units and proposed an optimization procedure, without, however,
taking medical aspects into consideration.

Analogous simulations were published in Germany by PAGE (7, 8)

using a simulation model based on an analysis of the Berlin blood
bank system. His claim that the optimization is merely a problem
of minimizing storage costs per transfused unit in view of a given
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availability (rate of missing units) and of an accepted average age
of the transfused unit is not acceptable in my opinion. It does
not account for the full complexity of the problems. However, this
oversimplification is comprehensible if one knows the structural
backlog of the blood banking system in Berlin which is due to lack
of public support.

Our developments in Hamburg were based on different (clinical)
concepts when we started the TRAMIDIS project with support of the
BMFT (Federal Ministry for Research and Technology) in the be-
ginning of the 70ies (5, 6, 10). The overall goal was an encompassing
disposition system based on an information system that was supposed
to yield automated preparation and support of decision concerning
the chain DONOR- PRODUCT- PATIENT. In its first stage, it was
intended to be Timited to a large local hospital-based transfusion
service. At a later stage, extension to the shared support of all
transfusion services in the Hamburg area was envisioned. The main
aims were to secure supply and improve the quality of services for
donors and patients. Economic aspects were given secondary place.

A break down of individual objectives would 1ist the following:

1. Demand related preparation and storage of blood units including
the following steps:
- determination of demand
plan to meet demand
optimized selection and notification of donors
- quick response in stock. control

2. Patient-oriented selection of blood units considering medical
and stock control aspects in the following steps:

- proposed blood unit selection on the basis of quantity and
quality stated (blood type, kind and age of product)

- proposed blood unit selection for different transfusion
programs with varying optimization standards (e.g. in the
case of large quantity transfusion combination of old red
cell sedimints with fresh whole blood; in the case of single
transfusions, washed red cell preparations.) and under
consideration of individual risk constellations.

3. Shared multicenter service through stepwise extension of the
principles outlined under 1 and 2.
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During the sponsoring period, only few disposition programs could
be realized in addition to the information system. Even though
donor and blood unit disposition are markedly improved by the
information system, they are still essentially effected by con-
ventional means.

The extended multicenter service was not funded by the regional
administration of Hamburg. Despite the fact that considerable
financial savings were expected at a later stage, the high initial
investments and considerable development costs were considered
prohibitive. Therefore, this part of the project could not be
persued.

In the following, some of the problems arising from the medical
point of view will be discussed in the sequence of the objectives
stated. The discussion will be limited to the experience gained in
large hospital-oriented transfusion services. They include 30
institutions that account for some 30% of blood banks and trans-
fusion centers in the FRG. Usually they are responsible for the
service of a maximum care facility or a university hospital.

Some of them also serve other hospitals in the vicinity. The
required blood units are usually available from registered donors
in the Targe cities. In smaller university towns the services
frequently depend partly on the supply from regional Red Cross
services.

In order to meet the need for exceptional quantities per patient -
even in emergency situations - a large pool of active donors is
necessary. The consumption of an individual patient may amount to
more than 100 units during a single weekend. This corresponds to
20-25% of the stock supply. More than 50 units per patient are no
exception, quantities of up to 20 almost routine.

Such extents of consumption, which affect single blood types repre-
sent of course considerable requirements for a transfusion service.
Emergency calls for additional donors may only partially balance
the need, since the collection capacity is limited. Other means to
achieve a balance will be outlined lateron.

Most of our transfusion services have to consider Rh subtypes and
Kell antigens in addition to the ABO system and rhesusfactors
because of the high fraction of poly-transfused patients.

Figure 1 summarizes the resultant subdivision of the stocks.
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Figure 1: Rhesus sybtype schema

Left: If merely the rhesus factor 'D' is considered, only two groups
result, one of which (Rh negative) is entirely replaceable by the
other (Rh positive)

Right: If all rhesus antigens are included in the consideration,

18 different subgroups are distinguishable. Their relative frequency
is symbolized by the dotted area in the circles. Every pair of
circles represents mutually corresponding rhesus positive (lower
left) and rhesus negative (upper right) subgroups. If the rhesus
negative subgroups are available in reasonable quantities, they

may replace the corresponding rhesus positive subgroups. Otherwise,
substitution in the direction of the arrows is feasible without
risking sensitization.

This means that the groups represented on the outer circle are

not replaceable without risk. Rhesus negative blood of the subtype
ccddee is not universally acceptable.

Five rhesus subtypes have a relative frequency of above 10% and will,
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therefore have to be considered in stock supplies. One of the four
groups occurring with a frequency of 0.5 to 2.5% will have to be
accounted for because it is not substitutable. The remaining groups
can be accounted for summarily. This then results in 6 to 7
relevant Rh subtypes.

Multiplying the rhesus groups by 4 ABO and 2 KELL groups yields a
multitude of subdivisions which poses problems for automatic
disposition, especially in times of excessive demands. This

situation forces us to consider separately foreseeable excessive
demand and to be in command of donors specifically for certain
patients. For this reason, open heart surgery in our institution is
planned in cooperation with the surgeous including donor availability.
Only reliable donors are considered in this case. They are requested
to notify us by telephone if they are not available.

Disturbances result from short-term alterations in the surgical
schedule. A surplus of stock supplies for rare blood types may
result with hardly a chance of removal. The increasing frequency of
emergency operations scheduled at short notice, which is due to the
increasing frequency of coronary interventions, is of particular
concern. This part of donor scheduling may evade any efforts of
automated scheduling.

Usually donors are notified in writing 8 to 10 days in advance.

For this purpose, the usual demand of blood units has to be estimated
in addition to the patient-specific demand assuming a stochastic
distribution of blood types. The necessary quantity of blood units
depends on season, holidays and vacation periods, operation load
affected by relevant scientific conventionts, and the like. Values
based on long-term experience are used in this connection.
Approximately 10% of the calls are usually used to compensate
modifications of the stock supplies.

Planning repletion of supplies through actual blood collections
results from considerations of donor availability, blood collection
capacity, estimated volume of accidental (random) donations and the
possibility of purchases from other sources.

The next step includes 'optimal' donor selection and notifications.
This takes into consideration:

- distribution of blood types
- category of assignment of donors
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- actual and general accessibility
- scheduling preferences of the donor
- reliability of the donor.

Optimal selection" in this instance means

1 achieving an adequate distribution of blood types accounting
for an alteration in the distribution of blood types among
available donors;

2 emphasizing the reservation of easily accessible, universally
suitable donors or donors suitable for special emergency situ-
ations;

3 safeguarding sufficient remaining fraction of reliable donors
and even distribution of calls on donors in order to maintain
motivation for continued cooperation.

Optimization of the selection of donors seems feasible if the data
on donors is sufficiently valid. In contrast, the support of deter-
mining the demand and planning for its coverage seems difficult, at
least in autonomous transfusion services, because too many parameters
have to be considered and because the effect is dispropartionate to
the effort. .

We try to achieve optimization of donor selection by informing the
donor about the data stored about him when he is notified of a
request for donation. Control and updating through the donor are
however affected by a process of habituation. Therefore, the greater
part of the data is nevertheless incorrect.

At present determination of parameters for donor selection is
effected by the system user during trial runs. An optimum is looked
for by variation of the parameters.

Unforeseen excessive demand require another function: short-term
compensation of supplies. This is achieved by an exchange with

other transfusion services, by emergency requests of donor or -
exceptionally - by cancellation of requested donations or by

turning down drop-in donors.

Getting rid of excessive stocks by delivery to regional blood banks
is at present excluded in the FRG.

The need for short-term stock corrections results from the variation
of the success rate of notifications. In our case, this lies at a
range of 60% for a given date of blood collection. Even though an
online acquisition system is available, only alterations concerning
heart surgery are recorded. An inclusion of all variations would
exceed the data acquisition and data gathering capabilities.



162

This may be sufficient reason why we consider automatic disposition
only exceptionally feasible in this application area. It seems more
important to improve the organizational structure of the individual
services and of the entire organization. It is also important to
present the information quickly and in an easily perceivable form
to the physician who has to alter his dispositions.

Our second main objective, the patient-specific selection of units,
has been realized by appropriate programs according to the first
level. For organizational reasons it is, however, only applied
exceptionally. A program operating in dialog mode suggests that units
of a certain blood type be selected, starting with a specified

age of the units. If present, irregular antibodies are taken into
consideration. The user has to decide whether or not the unit will
have to be reserved for the patient. The risks of sensitization, in-
compatibility of the plasm, etc are indicated by the system. Despite
the fact that the program lowers the task of data input for the
technician, the the usual way of serving the request directly from
the stored stock is still preferred. (In this case, the unit number
has to be linked to the request by manual input via terminal in
order to generate the documents required for compatibility tests and
unit issuing.)

Figure 2: Stocked blood units in refrigerated room.
For lack of space, an orderly storage in unit number order
is usually not feasible. This impedes quick access.
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The reason for the lack of acceptance of this program is simply the
difficulty to locate the stored units by referral to the unit number.
Since immediate access to units has to be guaranteed for emergency
situations even during system failure units have to be sorted according

to blood type and age. .
The program is only used if units have to be selected for patients

with irregular antibodies. This requires the consideration of special
antigens. Figure 2 gives aclose-upview of the contents of our
storage shelves. Though printed in red, the unit numbers printed by
matrix printer are hard to read.

This also applies to units purchased from the Red Cross which are
assigned a system-compatible unit number. It would be advisable to
acquire special purpose printers and to increase storage space.
However, there are strict limitations to such measures.

This kind of experience made us drop our plans to extend automatic
disposition even though an objective improvement of the quality of
medical care is expected from this type of measures.

The task of disposition is supported by tagging the units with
respect to special applications - either on the basis of certain
algorithms or by manual input (cf. Fig. 3, No. 3 and 4). Listing
and presentation of available stocks serves the same purpose. Apart
from this, the system merely controls the manual selection of units
retrospectively. If relevant, sex- and age-dependent risks of
sensitization and incompatibilities are indicated.

As already stated, the third objective was dropped, mainly for
external reasons, at an early stage of planning. This consisted in
an extension of the system to the support of the region. Difficulties
were expected in transforming diverse institutional organizations
into a uniform organization. Moreover already during the early
planning stages difficulties with regard to an imminent redis-
tribution of physicians' responsibilities became apparent.
Differences of opinions concerning the optimal size of stocks and
optimal procedures are frequently based on traditional relations
between clinicians and transfusion services that have to be
respected.

The realization of a common pool, as depicted in Figure 4 had been
envisioned as the first stage. Every participant was supposed to

be able to report blood units at his discretion for consideration

in the common pool. It would then have been possible to serve every
participant from the common pool in order to save his own supplies.
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A pool manager was supposed to ascertain minimal outdating of units

in the pool.

Further steps in the direction of a common disposition and stock
control were anticipated at a stage when thorough experience with
the system had accumulated, and even then only under close obse-
vation of the system's behaviour.

Even though the idea of a common stock is attractive because of a
decrease in the required size of the stock, it seems extremely
difficult to put it into practice. The multiplicity of constraints
resulting from the many alternative solutions proffered to avoid a
lack of units in depicted in Figure 5.
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Figure 5: Alternative measures to meet shortage of blood
('failure of blood') of a given type.

Every measure indicated is associated with a number of drawbacks
affecting the patient who needs the blood as well as other patients
directly or indirectly. The choice of an alternative depends on
many aspects of the given situation (stock size, time of day, work
capacity, demand situation, traffic situation, patient's prognosis,
etc.). It is therefore hard to define an algorithm suitable for
automation. If there are no straightforward solutions available -
such as supplementation from a bloodbank in the vicinity - the
decision has to be left to the physician. He is able to judge the
entire situation and must also accept the responsibility for
possible risks. Even in case of a centralized service, this res-
ponsibility has to remain decentralized and related to the patient
concerned. A comprehensive disposition system sould provide

support by quickly indicating the available alternatives. This,
however requires a reliable performance of the entire system, for
beyond the stage that we have currently achieved in Hamburg. In the
FRG further difficulties might arise from data security legislation.

These somewhat somber views are not an expression of a pessimistic
assessment of the use of EDP applications in transfusion medicine
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in general. However, I felt it was necessary to point out some of
the obstacles one has to consider in the automation and especially
in the cooperative support of transfusion services. These are of a
structural and organizational nature rather than problems of
computer science technology. Consequently, it appears necessary to
consider an improvement of structures and procedures independently
of their support by EDP.

Among the features of improved system concepts high flexibility,
optimal data presentation and other "minor details" deserve first
consideration. Efforts to optimize will fail as long as there is no
appropriate organizational background.

Optimization may be an acceptable motive for acquiring the necessary
hardware and developing capacity - at least for a while.

The actual goal of our efforts should, however, remain the improve-
ment of the patient's health and security, and this should also be
the crucial argument in dealing with funding agencies.
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Section of Disposition Systems - Summary of Discussion

B. Page

As the main objection to the theoretical models and disbositive proce-
dures presented in this section, the lack of patient orientation was
stated in the discussion, in particular by the specialists for clinical
transfusion medicine. For transfusion medicine the optimal, i.e. most
differentiated and specific patient care possible, is of central impor-
tance. Economical aspects, which were emphazised in the models and
dispotive functions, had to take second place.

The trend in transfusion medicine is towards a permanently increasing
differentiation in blood group systems which was neglected in the
models. If all blood group systems relevant for transfusion medicine
were introduced into a model, a large number of partly overlapping
inventories would have to be modelled. The model would become too
complex. On the other hand, a better differentiation than in the
standard blood group system (ABO, Rhesus pos/neg) seems possible
without too many difficulties and was shown in a decision support
system presented.

A centralized system with only one large blood unit procedure with Tow
product differentiation was termed inappropriate for modern transfusion
medical requirements. Instead, a "ring" system of several local,
clinical transfusion services - possibly connected to a regional blood
donor service - with exact blood product differentiation was proposed,
where part of the blood unit inventory was made available to a pool.

In this way the proven advantages of a common inventory policy could

be utilized to a certain extent. But models might also be developed

for this organizational form.

In essence, disposition systems in the patient-oriented recipient
section of transfusion services were considered to be hardly imple-
mentable in clinical practice. Better chances were seen in the donor
section and in services, where the distribution of blood products is
one of the main activities. v



Experience with a National Blood Transfusion System Integrating
a Central Service with Hospital-Based Mini-Computer Routines.

by
Bertil Cassemar, Claes F. Hogman and Jan Sdafwenberg

AB Databyran, Stockholm and the Blood Centre,
University Hospital, Uppsala, Schweden

Central Computer Service. EDP system for registration and call-up of
blood donors and a punch card system for the registration of sero-
logical information on patients, compatibility testings and trans-
fusion files based on data obtained via punch cards. A routine in use
since 1965. Flow chart.

Flow chart of the mini-computer-based system.
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Since 1981, the Blood Centre routines in Uppsala and Lund are supported by mini-computers instead of card punching
machines, Input data to centralized computer routines are transferred via magnetic tape.

Central Weekly runnings for call-up donors

Computer Weekly runnings assembling data from groupings, crossmatchings and bleedings
Local On-line routine for patient groupings

Mini- On-line routine for bleedings and produced blood componerts

computer On-Tine routine for crossmatching, delivery of blood and returning of unused blood



AUTOMATION OF ADMINISTRATIVE AND LABORATORY DATA PROCESSING

IN A HOSPITAL TRANSFUSION SERVICE

PHASE I: BATCHWISE DATA PROCESSING

V.A.J.M. Kunst and J.H. Bloo, University Transfusion Service;

A. Bezemer, Organisation Department; B. Nederkoorn, Department for
Medical Information Processing.

St. Radboud University Hospital, Nijmegen, The Netherlands.

For 3 years a system of batchwise data processing has been in operation.
The data is stored on magnetic tape with a copy on a COM system (com-
puter output on microfilm), now consisting of 150 fiches with 190
patient records on each.

The data stored are: 1) the patient's personalia including his identi-
fication number issued by the hospital; 2) ABO and rhesus D blood
group with an indication if this determination has been made once or
twice; 3) rhesus phenotypingif done; 4) the presence of irregular
antibodies; 5) the need for specially processed donor blood; 6) the
results of cross-matches; 7) all donor blood and cell concentrates
given; and 8) if further blood group serologic determinations are
performed, reference is made to a hand-processed card index.

The data is entered daily by terminal into a minicomputer which
controls several items for consistency and validity.

The data is stored for a limited period only. The magnetic tape with
all data is updated monthly, and after that a new issue of all micro-
fiches is given, with all patients arranged by identification number.
When a request for laboratory determinations or for donor blood or
blood products arrives (always accompanied by the patient's identi-
fication number), a search is made if the patient is know at the
Transfusion Service.

This is done with a computer printed list of identification numbers
which is generated daily and which also indicates if the patient is on
microfiche or only on handwritten forms. Data not older than 4 weeks
and, therefore, not yet on microfinche have to be taken from the hand-
written forms. Data stored on microfiches are copied on a sheet
appropriate for handwritten additions. New cross-matches and donor
blood given are noted on this form and from this entered into the
minicomputer daily. Al11 patient samples are marked with a label provided
by the hospital patient data base by means of an on-line printer.
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This system enables us 1) to save the space needed for the ever-growing
card index; 2) to find stored patient data more quickly; 3) to gene-
rate statistic data for management; 4) to furnish data to the hospital
financial department for billing the patient; 5) to make the archive
multi-accessable by using several copies of the COM system; and 6) to
prepare a well thought out on-line system.

For the near future a change-over to a complete on-line system is
planned. The laboratory data will be entered by the technicians as soon
as they are generated and they will be available immediately for
consulting or further processing. In addition to the data mentioned
before, simple results of other blood group serologic investigations
can also be stored, thus reserving the hand-processed card index for
complex data and limiting its expansion. The data will be stored in the
accessible on-line system for one year. After that time they are

stored on microfiche. A reference to the microfiche system remains in
the on-line system, indicating if the patient is known. The on-line
system enables us 1) to generate work lists for the laboratory
technicians; 2) to make available blood group and results of cross
matches directly to the patient wards via screens and printers; 3) to
install an automated controlled linkage between donor blood group and
patient blood group; 4) to install optical mark or character readers;
and 5) to install other automated safety controls.
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AUTOMATION OF ADMINISTRAT|VE AND LABORATORY DATA PROCESSING
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DATA PROCESSING IN A BLOOD BANK CENTER

J.-L. Rufener
KONTRON INTERNATIONAL
Blood Bank Systems
Montigny-Le-Bretonneux, France

A large number of blood bank centers today are investigating the modern concepts in
data processing which have become available in the past few years. The essential
question posed by these centers is "Why should data processing be included?"
Experience has shown that the most important goals in modern blood banking are
efficiency, economy, flexibility and certainly, safety. These goals must be
achieved in order to assure the security Tink which begins with the blood donation

and continues up to blood transfusion.

Centers are now able to easily assure this security link by means of a new automated
blood bank management system which is called "TRANSFUDATA". This comprehensive

data processing system incorporates the widely-used and positive Codabar(f) identi-
fication system and gan be connected to a fully automated blood grouping analyzer
such as Groupamatic(f) The Transfudata system is composed of the following sub-
systems which work simultaneously as self-contained modules for a total management
of : donor files, inventory, patient files, and the Taboratory. The system can be
perfectly integrated into the organization and daily activities of a blood bank

center in order to obtain optimal blood transfusion safety.



178

Ajajes uolisnjsuelr} poolq ewdo

pasnysuma) Jjun A12A9 jo dn-moq[og -
siuaped su Y3y Jo uondad( -
juaped pus louop ulaMIaq A3iquedwo)) -

INTNIOVNVIN 114 LNALLVd
wopnqsip onposd jo jonuo) -
nonpoxd a1quedmeo $Om 3 JO [BAIFIIY -

SPIODAI I0UOP FADBUY JO UORA[I( -
s1ouop pawrayap Ajuesrodwa) yo dn-mof[og -
(aawom ‘maw) yea4 1ad swonwuUOp JO IAqUINU IYI JO HOIYD) ~
SIOUOp 318l JO WOROI[AG -
atouop M Y31y Jo uopvAIA(g -

Y[ JO_[BAdMIaY -
n-[[8d JOo NOJUUJ -
LNINIOVNVIN T1Id ¥YONOA

KI0UOP I
SpI®D JOUOp ‘SPIBMB ‘SWIO]

A 3 oW v
fonposd poo[q {[® 3o dn- MO0} 3TBISUCD -
Bupssoooxd a38p uopwadxy -

Buppaqey 3ouposd og yo0pd IO -

LNIWIOVNVIN AdOLNIANI

®spnysuBl], 0) o

v

AYJOLNE ANI
OLNI A9.LNA
ANV ONITTIEV'T

|

BUISE|

aazoxy ysaig -

#1190 poolq pay -

37RIITIDUOCD JI[3IV[J -
|
|

SLONQO¥d ATELLVAWOD LSOW FHL
JO TVAINLLMY
3 3°3QD HY/08V
onporg
poorg
Ind
LNALLVd
ity
LoNnaoyd
NOILISINOT _
LoNaoyud
aooTd
b nonpaxd 13Y30
pus
SPARBARID BWSEl]
ANMOLNIANI
OLNI AMLNA

TVLIdSOH
L

POO[q 3[OYM -
SLONqoyd qooTd

a

$[nsax paispiiep | sy[msaz Burpuag

1
3 223ad HY/08v
SLINSTY » SLTOASTY
LSEIL TVANVIN 4O YFISNVUL
4O AMLNA JILLVINOLAV
AD0TONNNNI *
AD0T04aS ONKAL qooTd

Lo == =
qoo1d = —
sesauL]
53
‘sesiie | SESAIQ ﬂm
[ (Y
ﬁi__ Feeniid]
*5s5210° | SES2L0°
LIN 40 . [3%sn
NOLLVOLILLNIAI ¥VEVAOD

|
|
I
|
|

s} 1azd1vue Budnosd poorq Y3 UIYM % |

| sewou

&+

sarousda10stp Jo sIsIT -

KNS Sugssywr jo s -

s3nsa1 smojaaad M uosuedwo)) -
$3[Nsa3 3593 Jenusw Jo Anuy -
13jsuny) J[nsal sysA[sue OpswWoNyY -

LNAWIOVNVYIN A4OLVIOLV1

ONITIHEVI

ONITTIEVI ON
@Av1aa

T 1

snsa [#213010438g
lo/puw
u081q

2[NSy JO

10/pus
S[BLI]3P [BDOIPIW

unepd pue uosuedwo) v

3 323D HY/08V

llaqunu (g1 1ouop 3o
Buppra YYEVAOD
viva
NOLLDITIOD 40
NOLL VYL SIOTY

L3

SINOA
NOLLVULSION YONOQ 40
LNOLNRId NV SYONOQ
FTEIOITE 40 TVAITLLAY

walsAs
Juawabeuew
sjueq pooiq
pajewome

YONOQ

-l o . — ——— ——— — e — = — — — —— — ——

VIVANASNVH.L



A Laboratory System for Blood Group Typing

H. Kalinowski, S. Lensch, D. Roosl, W. Miller

IMDM - RECHENZENTRUM
ABT. F. TRANSFUSIONSMEDIZIN!
UNIVERSITATS-KRANKENHAUS EPPENDORF
HAMBURG

In the serologic laboratory the acquisition of laboratory requests
for blood group typing takes place in two different ways:

- for recipients:

The staff performs a dialogue on a display terminal. After typing in
the patient's ID-number, the laboratory computer (L-C) communicates
with the data base computer (DB-C) where a check is performed to
determine previous entries into the data base. Data related to the
given ID-number are sent to the L-C. In case a recipient is unknown
in the data base, the personal data of the patient have to be typed
in.

- for donors:

The requests and the ID-data are automatically transmitted from the
donor-DP system via the DB-C to the L-C.

After that, another dialogue is started in which the requests are
related to sample numbers. Then stickers with the ID-data of the patient
or donor and the sample number are printed on a local laboratory printer.
These can be separated into four parts which are used for labelling

mark sense forms, document cards and test tubes. Later on the findings

of blood group typing are recorded on mark sense forms. The forms are

processed in two steps:

1.

Input of the form containing the first reading into the computer
via the optical mark reader (see pic. 2).

Multiple checks are made by the system (if possible checks against
previous findings, too). Messages concerning the evaluation are
printed on an protocol printer; stickers with the ID-data and the
findings of the recipient of donor are printed out and are tagged
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to the request form and the mark sense form.

2. A physician has to read independently a second time; he has to mark
the finding for a second time. Then he compares his result with that
of the previous (first) reading
If there are no differences, he signs the stickers on the request
form and the mark sense form respectively for external release
(see Fig. 4).

The mark sense form is fed into the system a second time. After an
additional check (all findings have to be identical), the findings
are transmitted to the DB-C for internal release (see Fi8. 3).

In this way, greater security in blood group typing is achieved.
Furthermore, the entire laboratory documentation is computerized
leading to a considerable rationalization of the laboratory work. It
is probably for this reason that the system was well accepted by the
medical staff.

The development of this laboratory system as a part of TRAMIDIS was
sponsored by the Bundesministerium filir Forschung und Technologie
(Federal University of Research and Technology).

Zur Sicherung der Identitit Kobrchenetiken und Begleitschein bine vollstindig ausfiillen] Das Risiko unleserlicher oder unvollstindiger
Eintragung trigt der Einsender! Nur bei vollstindigen Angaben durch den Arzt kinnen die Untersuchungen durchgefiibrt werden!

Universitats-Krankenhaus Eppendorf
Martinistrae 52, 2 Hamburg 20 SA12 Fo4
An die —_—
Abteilung fiir Transfusionsmedizin Frhsn wieyer, Elalia
(Bluttransfusionsdienst der Universitits Kliniken) ; /
Chirurg. Universitits- Klintk und -Poliklinik o, A0.4.'34
Begleitschein fiir die Blutgruppenbesti A b HRc 9
Blutentnahme am: 3¢ 3. 4
Vorliufige Diagnose: Plas o @ /M (Raum (i Adsessetten Abdruck)
Erhielt der Patient schon friiher Transfusionen? ja/neir— Geburten?  ja/nein, wann:
Wenn ja, wann: _Jebr. £9€0 Bei weibl. Pat.: Fehlgeburten?ja/nein wann:
Reaktionen bei frisher erfolgten Transfusionen? ja/nein Besteht z.Z. eine Graviditit? Ja/nein
Wenn ja, welche:
Besondere Bemech o
34.3.2¢ 2¢¢0
Datom, Usterchrfe des Sttiomsaate, Teiefon
PIC. 1
Blutgruppenbefund
Antikérper-Suchtest: positiv negativ NAME , YORNAME - TES ]
Enzym — NaCl — Albumin-Milieu e 11, 1950 " H MRCT

indir. Antihumanglobulintest KGN: 5112701 # 81489
37°C 200C 4°C

Eigenkontrolle:  positiv negativ
Antikorperbefand

(bei positivem Suchtest)

il Rh pas CcD.ee K neg

RITTE AUF DEM KONSERVENANFORDERUNGS
SCHEIN VERMERKEN:

ANTIKOERPER- SUCHTEST NEGATIV.
31.03.81 16:37 h
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PIC 2

PIC 3
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INSTITUTE

COMPUTER USE

1 LOTJENSEE  BrurspenDeDIENST DES DRK HaMBURG PDP 11/60 Don. ProD
UND SCHLESWIG-HOLSTEIN (SysTEM Bap KREUZNACH)
2 HAMBURG ABT. FUR TRANSFUSIONSMEDIZIN UND Stemens 7.740 (Network) Don, Prop, Pat

RECHENZENTRUM UN1V.-KRANKENHAUS EPPENDORF

330 LaB
Nixporr MKC 840/35 (TerminaL C.): Don
TanpBerG TD2114(TerMINAL C.): PAT,PROD

BrutsPeNDEDIENST DES DRK NIEDERSACHSEN., OLDENBURG U, BREMEN:

3 ROTENBURG  INsTITUT ROTENBURG Siemens 7.541 Don, Prop
IBM 5110 Las
HANNOVER IWEIGSTELLE HANNOVER REMOTE TERMINAL OF SPRINGE
SPRINGE INSTITUT SPRINGE SIEMENS 7.541 Dan. Prop
IBM 5110 LAB )
6 HE R F ORP ~ BLursPenDEZENTRALE DES KREISKRANKENHAUSES DEC 10 (oFF-LINE) Don, ProD
7 RAT INGEN  BrutspenpepiensT pes DRK NORDHEIM unD IBM 38 Don, Prop, LaB
WeSTFALEN-L1PPE
8 GUTTINGEN  BLuTSPENDEDIENST DER UNIVERSITAT unD InsT. IBM 370 - 158 Don. (PaT) (Hosp1t
F. MED, Dok. UND DATENVERARBEITUNG INFORM. SYSTEM)
9 BONN INSTITUT FUR EXPERIM. HAEMATOLOGIE UND IBM 370 - 125 PAT HAEMOPHILIA
BLUTTRANSFUSIONSWESEN DER UNIVERSITAT
10 FRANKFURT  BLutpLAsMa Dienst GMBH (BiotesT) SI1EMENS 7.740 (?) Don
11 BAD KREUZNACH DRK-BLUTSPENDEDIENST RHEINLAND-PFALZ PDP 11/60 Don, LaB, Prop
12 HEIDELBERG INsTITUT F. IMMunoLOGIE DER UNIVERSITAT  SIEMENS 404 La
BLUTSPENDE- UND TRANSFUSIONSZENTRALE
13 HOMBURG ABT. KLIN., HAEMOSTASEOLOGIE UND TRANS- HP 9835 Don
FUSIONSMEDIZIN DER UNIV.-KLINIKEN DES CommMopore-PeT-Comp . PAT.HAEMOPHIL 1A
SAARLANDES
BLUTSPENDEDIENST DES BAYERISCHEN ROTEN KREUZES:
14 WIESENTHEID ZENTRALE NETWORK OUT oOF: SIEMENS 7.722 Don, LaB, ProD
15 WORZBURG INSTITUT WURZBURG 310 SATTELLITE SYSTEMS
16 NORNBERG INsTITUT NURNBERG 210 OF
17 MONCHEN INSTITUT MUNCHEN 310 WIESENTHEID
17AREGENSBURG INSTITUT ReGENSBURG 310
18 BADEN - BADEN BLuTSPENDEZENTRALE DES DRK-BLUTSPENDE- GroupamaT1c/PDP Lae ()
DIENSTES BADEN-WURTTEMBERG
19 TOBINGEN INST. F. ANASTHESIOLOGIE U, TRANSFU- IBM 370 - 135 Don, HLA
SIONSMEDIZIN KARL-EBERHARD-UNIVERSITAT
20 FREIBURG BLUTSPENDEDIENST DER UNIV.-KLINIKEN PuiLips P 310 Down
21 ULM BLuTSPENDEZENTRALE DES DRK-BLUTSPENDE- Data GeENeraL Nova 3/D  LaBoRr
DIENSTES BADEN-WURTTEMBERG
22 BERLIN BERLINER BLUTSPENDEDIENST U. GES. F. ONLY SOFT-WARE Don, Prop

SYSTEMFORSCHUNG U, DIENSTLEISTUNGEN
IM GESUNDHE ITSWESEN

FINISHED

Don : Donor FILE (DONATING SYSTEM)
Prop: Probuct/BLoop UNIT FILE

Las :

PaT : PATIENT (BLooD ReciPIENT) FILE

HLA :

(incL.DisTRIBUTION AND BILLING)

CenTRAL RecisTRATION OF HLA-TypeD DoNORS OF WESTERN GERMANY

LABORATORY SysTEM (BLooD-GRouPING. HLA-TYPING, CLINICAL CHEMISTRY ETC)
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TRAMIDIS II DONOR DISPOSITION

D. Roos, W. Mueller, S. Lensch, W. Kalinowski

Division of Transfusion Medicine and Computer
Center of the University of Hamburg, Hospital Eppendorf

Approximately 15.000 donors are registered in the TRAMIDIS (TRAnsfusion
Medizinisches Informations und DIspositions System) data base. 8.500 of
these are considered "active" and regularly called up for donations.
Some of the "inactive" ones are considered unqualified; the remainder
may be "reactivated" upon request. The poster displays on the left the -
approximately quantified - distribution of the pool of donors relevant
for differential disposition. In the depth of the picture the distri-
bution among groups of different avai]abi]ity is diép]ayed. In the
vertical direction, main application fields are depicted. This grouping
allows discriminating call-up and reservation of donors for special
purposes.

The diffentiation of different blood types was disregarded in order to
facilitate a better overview. Donor data are available on-line using
various programs for selection and presentation. Also standard lists,
and special purpose lists are generated off-line.

The right part of the poster depicts the process of call up for
routine and emergency purposes. The scheduling of blood collection
sessions is based on an estimate of the demand, taking into consideration
the available stock supply, standard values and the schedule of open
heart sugery. Various parameters allow a control of donor selection.
The search for the relevant group of donors takes place in the order
of the date of availability. In this way, the donors with the longest
interval between donations are investigated first for medical
qualification for donation. Unreliable donors thus accumulating in the
pool of donors are eliminated if they fail to turn up on more than a
certain number of occasions, this being one of the controlling para-
meters.

It is one of the goals of donor scheduling to meet the demand in such
a fashion that the pool for emergency calls and special purpose calls
is suitably maintained. Requirements that have to be met on the part

Translation by J.R. Mohr on basis of German text and translated
figures.



187

of the donor include accessability by adequate organizational or by
telephone in addition to medical qualification. A uniform frequence of
calls depending on individual intervals between donations is also
desirable.

In order not to exhaust the supply of universally suitable blood units,
an attempt is made to meet the demand for donors for heart surgery

in the first place by drawing on donors in the standard category. If
this does not suffice, "normal" or "rare" donors are included in the
search to fill the stocks.

Using a special letter of invitation, new donors are called independently
of their category of service.

Separate calls are generated for other purposes (test erythrocytes,

blood for deep freezing applications, donors for scientific purposes).
Reminders for unreliable donors are generated in the same way, depending
on a defined minimal number of fruitless calls. A questionnaire is
included for completion by the donor. Depending on its results, it is
decided whether or not he is to be kept among the active donors.

Optimal search parameters may be determined during trial runs. The
program yields lists of donors to be called. These are controlled
visually and may be corrected interactively. Only then are the letters
of invitation generated. Three weeks later the run is restored, the
number of fruitless calls is updated and the denor is filed among
available donors once again unless he has shown up for a donation in
the meantime.

Emergency calls are managed interactively, using the on-line selection
program or manually using the generated lists.
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TRAMIDIS

2

DONOR_

STRUCTURE OF
AND AVAILABIL

ON-LINE DATA PRESENTATION

A NOR
By NAME - DATE OF BIRTH - PHONETIC CODE
or ID-NUMBER.
DaTa ARE PRESENTED ON DispLAY. UPDATE AND
ADDITIONAL OUTPUT ON PRINTER ARE POSSIBLE.

TO AN APPOINTED DONATION DATE.
RESET oF CALL IS POSSIBLE.

DirecT Access 10 aLL AvariaBLE DoNQRS
wiTH A DEFINITE BLooD Type AnD Donor
CATEGORY.

CALLING UP 1s POSSIBLE wWITH NORMAL MAIL,

ExPRESS MAIL, LETTER WITH ADDITIONAL OR

ONLY Re-CHECK-CALL ETC. OR BY PHONE.

DONOR POOL
ITY OF DATA

OFF-LINE DATA PRESENTATION

STANDARD QuTPUT:

L1sTs ForR EMERGENCY CALLS:

- CaLLep Donors List

- AvaiLaBLE Donors LisT,
BLoop Type sorTED

- L1st oF AvarLaBLE Donors
SORTED ACCORDING TO NEG.
ANT1GENS (Lea.LEB ... Lue)

') MICROFICHES

TotaL Donors LisTs:

- ALPHABETIC LisT®

- DaTe oF BirtH List®
- ID-NumBer List?
(SHORT AND Lone Mope)

SPECIAL OuTPUT: (ONLY ACTIVATED IF ASKED FOR)

- List oF ALL New DONORS (HELD OR AVAILABLE)

- L1sT oF ALL HELD Donors

- L1sT oF aLL INacTIVE Donors

- L1sTs SeLECTED BY CoMBINATIONS oF BLoop Tyres,
ANTIGENS AND DONOR CATEGORIES ETC.



The Recipient-Information-System

W. Miller, D. Roos 1, S. Lensch
IMDM - RECHENZENTRUM-
ABT. F. TRANSFUSIONSMEDIZIN 1
UNIVERSITATS-KRANKENHAUS EPPENDORF
HAMBURG

The recipient file is part of the TRAMIDIS data base. The update of the
personal data of the recipients is done in two ways:

- Thesocial-anamnestic data are transmitted off-line from the central
patient admission system of the hospital at least once a day.

- If the patient is unknown in the TRAMIDIS system when a Taboratory
’ request is processed, the personal data are entered by the laboratory
staff.

Only the data of those patients are stored permanently whose blood

was typed or who got a blood transfusion.

The permanent recipient file is useful for blood group typing and helps
to improve security in blood transfusion for the following reasons:

- When typing a blood group, a check can be made against previous
findings. Differences will lead to serious warning.

- A request with wrong personal data of the recipient will be
recognized immediately.

- When the request for blood units is processed, the blood group
finding of the laboratory is usually stored in the data base. A check
can be made as between the blood group given on the request and the
blood group finding stored in the data base. A request relating to
a wrong blood group in the ABO-system can be recognized before cross-
matching. Furthermore, a possible sensitization which is not
pointed out by the cross match may be avoided.

To take advantage of these possibilities, the data of the actual treat-
ment have to be linked to those of earlier treatment. Because we have
not found an algorithm for an automatic record linkage which performs
well in every situation, this work is done by the laboratory staff
assisted by a computer listing indicating possibly identical patients.
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THIS RECORD-STRUCTUR ALLOWS FOLLOWING ACTIVITIES :



CUTRAMED - Computer-assisted

Transfusion Medicine at the University of Tibingen

H. Juranek, I. Hengstler-Hafner

The task of the Blood Bank of the University Hospital of Surgery in
Tibingen (about 1.850 beds) is to provide all patients with blood and
cellular blood products if required. Up to 16.200 blood transfusions
are given in one year. A blood donor central office, which ~ 1ike the
one described is working almost exclusively with donors called up to
six times a year, is not only responsible for the care of the patients
but also for the health of the donors. An increase in their number leads
to inefficiencies in the management and clinical supervision of the
donors. In addition, an adequate treatment of patients requires an
increasingly differentiated selection of blood serological data.
Registration with a manual card index is completely insufficient, as it
is impossible to keep account of such a large variety.

In 1974 the Department of Transfusion asked the Department of Medical
Documentation and Data Processing to support donor surveillance and
call-up by EDP.

As no information was available concerning a transferable prototype at
that time, the University of Tibingen developed, for the specific needs
of the Blood Bank, its own model of Blood Donation call-up and
information system. This was planned to take into consideration the
needs of a medium-sized transfusion service at a University and of a
modern bedside transfusion therapy (the number of current and achieved
blood donors is about 13.200, and in 1979 29 % was supplied from out-
side).

The system we have developed is composed of blood donor initial regis-
tration, call-up, data updating and medical care.

The medical inquiry system allows the user a quick selection of blood
donors taking into consideration specified erythrozytic antigens or
certain HLA-profiles.

This system has been working in routine now for over five years and is
being continuously adjusted to changing requirements.

In autumn 1979 the existing blood donor call-up and inquiry system was
expanded to include a recipient system which stores personal data of
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regularly admitted recipients together with serological test data
necessary to control the state of sensibility. This can be evaluated
with variable criteria (diagnosis, transfusion anamnesis, preparation,
degree of compatibility .ect.).

The system in Tibingen “CUTRAMED" has been implemented on an IBM 370/138
The batch programmes are written in PL/1, whereas Assembler was chosen
for the on-line programmes to ensure a quick response time.

(Literature reference:
Akademischer Oberrat Herbert Juranek, Dipl.-Math. Wilhelm Birgel,
Heinz-Dieter Vohrer
Professor Dr.med. Werther Schneider, Dr.med. Dietlind Méller,
Jutta Joel, Dr.med. Udo Sugg
Universitdt Tibingen, Zentrum fir Chirurgie und Orthopddie

Das DV-unterstiitzte System fir den Bluttransfusionsdienst der
Universitdt Tibingen

in: “IBM-Nachrichten, 28. J., Heft 241, S. 227-234)
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Computer Applications for the Blood Transfusion Service of the
Gbttingen University Hospital
R. Klar, H. Lange

(Department of Medical Informatics, Gdttingen University Hospital)

The blood transfusion service of the GSttingen University Hospital
provides this hospital and some external institutions with blood or
blood components. Approximately 26,000 units are needed each year,
10,000 of which are obtained from other blood transfusion services.

At this time, *  the service handles 1,000 people who donate more than
once and 1,000 regular donors. Altogether the personal data of 18,000
donors has been acquired and stored. Yearly about 4,600 new donors are

registered.

Since the spring of 1976, a computer-supported system for the ad-
ministration of conserved blood and donors has replaced the manual

procedure.

With the help of two display terminals and one on-line printer the
clinical computing center (IBM 370-158MP4, MVS, IMS/VS) supports the

following applications:

- acquisition and/or updating of the donor's personal data in
dialog with the blood donation data base

- control of blood quality by refusing donations from previous
donors whose blood is not acceptable;

- printing of unit description slip and identification labels in
the blood service office;

- acquisition in dialog of blood test results from the blood type
laboratory and the updating of the data bases containing donor's

personal data and unit information

When returning donors'pre-register, their personal data is viewed on
the display terminal and permission to donate blood is accessed. If the
control check is negative, the blood type and donor name are stored for
the desired appointment time in the blood donation data base. Positive
checks result in an examination request for referral to the policlinic
for internal medicine. Using a retrieval program,it is possible for the

blood transfusion service to locate and notify regular donors having
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a specific blood type. The selection of regular donors can be limited
with respect to a desired set of conditions using predefined input codes
(for example donors from Go6ttingen and not from the rural district).

The receipt of blood from other blood services as well as the return

of unused blood units is registered in dialog. The corresponding labels

are also printed.

In the afternoon, when blood donations have been completed, the fol-

lowing lists are produced on the printer within the transfusion service:

- daily unit reports containing local donations and those from
other blood transfusion services;

- lab tests results and evaluations of Lues and Australia exami-
nations;

- work lists for the blood type laboratory and for donor-unit-
recipient linkage;

- list of pre-registered donors containing blood type, name and

identification,

In addition, required donor cards, usage statistics, and lists of regu-
lar donors,etc. may be printed in the computing center.

The programs described above help to avoid clerical and administrative
errors in blood banking andrelieve the personnel of much clerical work.
These programs are a component of a computerized hospital information-
system with multiple connections to other departments of the hospital
(see KLAR, ref. present proceedings).



EDP-PROJECT BERLIN BLOOD DONOR SERVICE
R. Meyer

GSD-Gesellschaft fir Systemforschung und Dienstleistungen im
Gesundheitswesen mbH Berlin

The Berlin Blood Donor Service (BBD) is a non-incorporated institution
of public law under technical supervision of the Senator for Health in
the City Government. It is responsible for the provision of the supply
of transfusion blood in Berlin as well as for its distribution, for a
demand-adjusted transfusion blood inventory and for conducting research
and processing scientific, technical and organizational problems in
matters of blood donation.

The BDD has a stock of about 36.000 donors and is producing approx.
85.000 whole blood units, plasma, plasma fractions and other blood
products per year which cover about 95 % of the total blood demand in
West Berlin.

Main consumers are about 10 Berlin hospitals. In addition, medical
practitioners and, in some cases, outside clients are supplied.

The Berlin Blood Donor and Transfusion System is, therefore, organized
in two parts:

- Central production and distribution of blood units and inventory
of a two to three day supply at the BBD;

- decentralized depots and recipient (patient) serology and transfusion
therapy at the Berlin hospitals.

The hospitals are obliged to write a transfusion protocol and return it
to the BBD. In cases of transfusion incidents and suspicion of disease
transmission caused by transfusion, requests for backtracing are

issued in order to trace those donors whose blood was transmitted at
the respective transfusion and possibly earlier recipients of blood from
these suspicious donors.

The project "Operation of an EDP-System to Assist the Berlin Blood
Donor Service" pursues the aim to increase security, effectiveness

and transparency in blood transfusion. Thus, it is the aim of the
project to develop and test automatic procedures for the sections:
Donors, Recipients, (Patients), Laboratory and Inventory.

At the computer support of the internal BBD routine operation data of
the donor, recipient, laboratory and inventory section are entered on-
line. This data is the precondition and basis for the extension of the
functional scope of the BBD for a qualitative improvement of the Berlin
transfusion system, for example, by specialized selection and call-up
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of donors, by providing on-call donors, by increased consideration of
blood sub-group characteristics, surveillance of client hospitals,
extension and acceleration of back-tracing capabiTities in transfusion
incidents, inclusion of allocation and disposition aids, supply of
data for planing, comparison, evaluation and research purposes. Data
collection must, therefore, ensure a multiple application of identical
basic data for different purposes.

An Information exchange with participants in the case of transfusions
outside the BBD (for example, donors, recipients, hospitals, etc.) is
initially achieved off line by telephone or forms.

An interface for on-line communication, especially with the main
clients among the hospitals, concerning blood unit inventory and use is
under consideration.

At the most recent stage of project development, a cooperation between
the Berlin Blood Donor Service, the new blood bank under construction
at “Klinikum Steglitz" (University Hospital), and the Blood Donor
Service at "Klinikum Charlottenburg" (University Hospital) is planned.
A11 these blood banks will eventually use the data processing
procedures developed in the course of the project and run a shared
computer system. A first practical test as a pilot application will
now be made at "Klinikum Charlottenburg". For this, the program system
will be extended by the functions of history data entry and inclusion
into the donor qualification check, individual laboratory data entry,
billing, printing of health certificates, health offices reporting and
pathological findings and some 1ist programs.

The project is fully funded by the Federal Ministry for Research and
Technology.

Program implementation was carried out on SIEMENS computer of the

7000 series, under the operating system BS 2000, using data base
system ADABAS and the display mask generator BIMAGE.

The programs were largely written in COBOL, a few in ASSEMBLER.

A detailed description (project review) of the functions of the program
package and system presentations can be arranged with the GSD at the
following address:

Gesellschaft fiir Systemforschung und Dienstleistungen im Gesundheijts-
wesen mbH Berlin
Einemstr. 9, D-1000 Berlin 30
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Pilot Project Laboratory Data Processing in Immunology and Serology

A. Kluge and K. Rother

Institute of Immunology and Serology
Unjversity of Heidelberg (FRG)

Since 1972, an EDP pilot project in the field of 1aboratory data pro-
cessing in immunology and serology has been realized in Heidelberg. Its
function is the reporting of the test results of all samples of patients
and donors from the selections of immunochemistry, protein immunology,
transplantation immunology, serodiagnostics of infectious diseases,
immunohematology, and bloodgroup serology. In the blood bank, each
blood unit, processed and issued, and all cross-matches are quantita-
tively recorded. In detail, the EDP is fed off-line by dialogue via
various peripheral devices with the values established by 20 laboratory
working areas and 37 medical technicians. Only test values controlled
by laboratory doctors are issued. The reports (Fig. 1 "Befundbericht")
have to be signed (Fig. 1 "GEZEICHNET") by special EDP-procedures.
Immediately after printing the report, complete and correct billing of
the work performed is automatically provided by the EDP. The functions
are accomplished by a SIEMENS 404/3 Computer by means of laboratory
standard (SILAB) hard- and software and own user-specific programs.
From 1973 - 1977 the total costs amounted to about 650.000 DM

(see Fig. 1: scheme of configuration. Ref. 1-4). The important steering
data files include the data of: 600 .requestors (physicians, wards,
hospitals), 400 costs carriers (medical insurance companies), 800 pro-
cedures (steering parameter sets for tests or blood units), 1.275 alpha-
numerical texts for medical results (and EDP error announcements),
1.200 figures selected from 3 tables of rates for billing the proce-
dures, 400.000 counters for the accounting and statistical data file.
Annually, the main data of the multitude frame are 90.000 samples sent
with 220.000 tests, including 15.000 cross-matches and 20.000 issued
blood units. The costs determined by means of applied economics amounted
to -.95 DM per test in 1979 for laboratory EDP (including froms) and
-.67 DM for administration of the institute (manual book keeping).
Despite a global reduction in personell of 5%, there was an increase

of nearly 230% in efficiency at the institute from 1972 - 1980. This
increase would have been impossible without the establishment of EDP.
The positive results encouraged us to start another project for an

EDP support of the section of transfusion medicine beginning with a
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comprehensive pre-analysis and followed by a detail-concept (5).
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1. Organizational Concept for the Data Transmission
with External Data Media

J. Vonier, A, Kluge, G.K. Wolf

Institute of Immunology and Serology,
and Institute of Medical Documentation,

Statistics and Data Processing,

University of Heidelberg (FRG)

Most of the important data carriers the donor's data sheet, laboratory
papers, labels for blood unit, and transfusion record are also organi-
zational tools. These data are passed mainly between the laboratories,
the administration and the hospitals and serve to identify persons and
substances (e.g., recipient, blood donor, and blood unit).

Besides the detailed description of the different functional components
of the donor's data sheet (see also contribution: Vonier et al. "Donor's
Data Sheet"), the destination of these data (e.g. signature sheet,
earning sheet, statistics of donations, laboratory reports) are also
demonstrated.

The external data transmission for safety of product, processing and
documentation takes place by means of the laboratory papers. The trans-
port of these laboratory papers and their individual components (papers
with the function of a masterbook, papers for the examination in the
laboratories for serology, serodiagnostic of infectious diseases, and
clinical chemistry) are also shown.

From the organizational concept, the bilateral functional influence of
the external data is recognizable, especially from the resulting inter-
mediary state of the blood unit between the donor and the recipient.

The external data are all in OCR-B writing and can, therefore, be
read by man and machine.
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2. Specifications by Step-wise Refinement of

the System for the Blood Donor Service.

J. Vonier, A. Kluge, G.K. Wolf, R. Schlevogt

Institute of Immunology and Serology,
and Institute of Medical Documentation,
Statistics and Data Processing,
University of Heidelberg (FRG)

On the review poster, the subdivision of the three sections, "Blood
Donor Service", "Blood Product Depot", and "Blood Transfusion Service"
are illustrated. In each section, one subsystem can be called up at

the same time and the respective work is performed.

Each section has the same basic equipment for data input and output.
It consists of

- a screen terminal,
- a small OCR-reader,
- and a printer terminal.

As an example for the next step-wise refinement of the design, data
transmission within the computerized system (internal data transmission)
of the "Blood Donor Service" is shown. There are three subsystems:
"Blood Drawing and Processing”, “"Listing", and "Donor's Reports and
Administration".
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3. Section "Blood Donor Service" with Donor's Data Sheet

as Major Data Carrier

J. Vonier, A. Kluge, G.K. Wolf, R. Schlevogt

Institute of Immunology and Serology,
and Institute of Medical Dokumentation,
Statistics and Data Processing,
University of Heidelberg (FRG)

Many of the mistakes, which can happen in a conventional blood banking
system are related with blood drawing, product processing, and
associated clerical tasks.

Therefore, a new blood banking organization system we are developing
in Heidelberg which specially emphasizes the organizational process,
linking together the chain donor - product - recipient - accounting
and vice versa.

The main document for this computer-supported system for blood donor
service, blood product depot and blood transfusion service is the
donor's data sheet. With this data sheet various processes are
organized:

- Information about the donor for the medical personnel,

- Medical and legal safeguarding of product processing,

- Documentation concerning donor and product processing,

Printing labels for the various data media,

- Fully prepared labels (convering about 95% of the l1ine of products).

1

The most important aspect of our donor's data sheet is the fact that,
instead of completing a number of forms, only one is used. This data
sheet is hand-carried by the donor himself through the different
stages of the blood donation process, resulting in a reduction of the
workload for the personnel and the risk of a mix-up.

The data media accompanying the products contain data about donor and
kecipient as well as fully prepared labels for future processing of the
blood components (erythrocytes, thrombocytes, and blood plasma). The
labels contain the characteristic data (readable with an OCR-reader)

of potential blood unit components.
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4. Section "Blood Product Depot" with State of
Product and Internal Data Transmission

J. Vonier, A, Kluge, G.K. Wolf

Institute of Immunology and Serology,
and Institute of Medical Documentation,
Statistics and Data Processing,
University of Heidelberg (FRG)

The tasks connected with the work of the section "Blood Product Depot"
are, in contrast to the other two sections, not related to persons but
to the product only.

Intermediary states of the blood unit between blood donor and recipient
(for example: return in a working cooling system, return after missing
an appointment exceeding temperature limit, return after an invoice

has already been mailed, storage of blood units in external depots,
rejection of blood units...) are projected into the system as "state

of product". By this it is possible to describe and handle the frequen-
tly complex paths of the blood unit as "state of product" and =product
paths".

In the subsystem “Product and Storage" control and product processing
are accomplished. On the other hand, in the subsystem "Doctor's
Decision Support" the doctor makes decisions relative to the condition
of the product and the necessary changes. These changes regarding the
condition of the product are mainly based on laboratory reports or
defective blood units. The subsystem "Accounting and Statistics"
compiles the necessary data for accounting purposes.
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5. Transfusion Service including Transfusion Record
and Blood Recipient Risk Data File

1) 3) 3) 2)
A. Kluge, M. Zsakai, W. Stucky, G.K. Wolf

1) Institute of Immunology and Serology,
2)and Institute of Medical Documentation,
Statistics and Data Processing,
University of Heidelberg (FRG)
3)Institute of Applied Informatics and Formal
Descriptive Processes, University of Karlsruhe (FRG)

Usually, a university blood transfusion service is patient-oriented;
this means, blood units have to be issued, prepared ect. directly for
the patient. This includes the cross-matching of blood sample of

patient and blood unit. Additionally, blood unit data is checked against
recipient data. This can be described by a decision table. The data

file provides information, e.g.

- whether blood types of patients are known (this eliminates un-
necessary typing);

- whether blood units have been reserved or prepared for this
patient before (so they can be used immediately);

- whether a blood sample is already in typing process for an
older order (so that a new sample is unnecessary).

A risk file for data of patients with irregular antibodies against
blood types improves security, saves time, and economizes the number
of test runs. Such a card risk file has existed for thirty years, but
only the new computerized systems guarantee timely and regular inter-
rogation.

The data medium, as shown in the poster, has been developed as a
general form which can be used for:

1. Delivery,

2. Transfusion record,

3. Check of information about individual case/check of changes in data,
4. Risk data file master index.

Within the system the distinction of cases is shown by means of a
structogram according to NASSI-SHNEIDERMAN.



219

X'min
paiaa
siajaoyd -1ep
suEmc_m aAlas mou | (woqun)
ay) ~a1 ‘apow asD> pasan| pasod pasaa
o0ys uy | spanpoud uo | Apoaso sads -1jop ~aid
pauwingas | -sads uy Ajuo (q) w ‘a90) puo Ajuo puo
pua 8q o4 ey o] 9o |
#onpoud Papaau 40U Y>}DUI-$501D sty 2410 sty sl
@ T IS5 (FIET=SOTS
4
— 1 s
// 3 n P
r::::::Lrnyyllag a ”
zz 8503 //

AW

I 6

) m as;

|osodsip yanpoud

/

§ aspd

[omd |

8-t

||o231 :ow

Ajuo ajdwos

0

M_u._uu nuaw-juiw o 4q suoyduny jo :o_.uw_Wmuv *s jo ynduy

(+2qunu sapso up Aq Ajuo 9|qo|1I0AD 2.0 sj1UN poojq yiod  woiboid s juaidisas ayy uy)

pawiojiad aq up> asay; ‘4as bjop Pjo
@y} u1 pauisap a0 saBuoyd 44

(425 pjop a_mc..cmv
Jaquinu JapIo mau D jo Aius

ou ¢

Jaquinu uspio mau

sak

P31aAL[ap m /Paaiasal A /paindaid n iajiym ///PaidA1|3p z /paniasai A /paiodaid x :pas

FI8YUNG5 {jun poo|q s.jus1disal ayy jo (uoydiiosep ya1.q) Buysiy

X85 + ADPUYIIq Yyim PapPI0d31 BWDU/X3s + ADp Yii1q,/1aquinu JaPI0 O Y>109s)

waysAs ayy o umowy| you i @ Burjpupy 2505 |oNpiAIpUL, 4iod WoiBoly

(*A3¥E

av)

SWYY90LINYLS NVWYIAI3INHS-ISSYN ¢ *1livd WvYdo0dd LIN3I1d123Y QooTg

1817
SNO1L1Qay -
S3SY) MIN - SONILSIT
v1va YNY¥3LX3
1NdNI 3714 ¥SIy
3714 viva
12n0@o¥d
14043
> NOISNISNVYL
14 viva ONIN3Z¥IS NO -
aINyNL3Y
R qanss1 -
B Q3A¥ISY - WH04
ENITONYH LINN Q0078 1s3n03Yy
ERDERNTE T T 3ewwn -
LINN Qoo7d Nol -
LY¥1S193¥ ‘oN ¥3Q¥0
S3I1dWYS 40
b1va NOILYDI41LN3QI
3714 viva 1s1
,SIN3T4123y NOILVWHOANI TYH3N3O
1SI7 ¥3LsvMW
1SIT ATH3IM
3714 1811
v1iva WSIy [ERVE R
378YSY3T13¥ LON -
3714 JSI¥ 40 3Lvadn
R S3143S ONIdAL Q00Td 140434
$153N03% AYOLYHOEYT
IN3IdI03Y
40 ¥33dnd
JONVHD - WH04
NOILOV ONIDVYL ~ 1s3no3y
NOTLVHLSIO -
IN3Id1I3Y & *ON ¥30¥0
INIIAIINY
{WILSASENS
40m *yrg | [391A¥3S NOISNSNy] dooTg]
¥3INOA ‘P 1043¢ 1onaodg Goo1g
ANONLS ‘M
TVAVSZ 3D1AY¥3§ ¥ONO(J Q007g
3907Y ‘v



220

1ery. Pyt smyeubis TN WaIR
vulBeqeuornsuts | #Q o0sIuON

i

iy, ppt mieutis yaniun wereg
Ubedsucnysut | q eoiuon

aqoi1dznaay a3ydeaq

IeQPUAMISA IBIJUSZUONTTRZ-€/¥
:sTTR330U-THbaeizraaun-dnabantg

132IY purYyaq: sWYrUISgaNoYISTH
i K1gsuoy+yy:ied bHsu yy:iyezso
*€0°€Z OW STQ JINIQY :UTWIdL
win-d¥a  T06STZ8A  68LISVET
sod yy €
jerjuszuoyusikzoIylkia TwosZ

e e — = = = ———. -]

i lﬂ M«Mn“nﬂmuﬂk.w-nﬂhnm M:I va.—.. MHLM m.mlml
ISIM-XAOHINOS W66°TO°ST

®E/Z:3S SNIJUSDUTIATIS :SNRyIy

“€O0"E€Z OW STq INIQV  68LIGVET

90005€D INISPIO

sry ppnieube
ST

Sionuoy

OEYOT ' "€0°TZ ©S umz :utwIady
pegd-’¥d T065LZ8A BLIGVEZT
29ppod bau Yy gv
3eI3udZUONUS3LZoIY3LIT TWOSZ

aqoidznely s3yoeag

||||||||||||||||||| (3T923neT3ISaY 92Iny)p3II3 pPIed buny1e3sIdayuabra EEOGLZBA
el s o ‘sod yu av

a2qoadznaly auyo -- ustoi3zab ‘euserdyosTad TWOSZ

Ry Pyl nieuiS VaziN Wi
UUIBeGEUORNISUE: 8 FAONUON

aqoxdznaiy auyo —--

lTeqPUOMISA * 2ZUOYTTOZ "SSTOM OTTVY
:sTTe330u’ Tboeajasaun-dnibang
1323V PUNIII:ONTSTH-INTQYUDSTIL

(yoe3-z)

buntra3isaayuabra Gzy9LZBA
‘ZY AN ~mD ‘9 @dD ‘sod Yy ¥
jeIjuszuoiuajzizoquolyl TwOSg

‘\ istugabisusqoadznaay a3yoeag
LSIM-AQOEIWOS W66 °TO°ST

BE/Z:3S SNTIUSDUTIA-IS :sneyly
OEYOT ‘“€0°T1Z ©®S wnz gL9SHETZT
90005 €D INISPIO

[ Teqpusmisa 5qo1dznain suyo -- |
: 1SIM-AAOGIACS W66 10°ST

®E/Z:3S SNTIUSDUTAIS :sneyay
€££05LZ8
90005¢€D INIBPIO

[Teqpusmisn 5qoidznaiy suuo —-
L1SIM-AQOEIWOS W66 TO°ST

| ®€/Z:3S SnT3ULDUTA~3S :sneyIy
STy9LZs

90005€D uzuwvuﬁ

12y P ImieUBIG ez Wi
UIBeqsLORNSUR. ] 18] 0¥

aqoadznaiy s3jydeag

bunyrs3saayuabrd  yTESLZBA
IV’ -3 ‘29ppod ‘Hau Yy gv
jeIjuszZUOUS3AZz0aY3KIT TWOGZ

Inyeutis ez W
fre e Byl
aqoidznaly ajyoeag

[32IY PUNJII:ONTSTU-INTAUISTIL

FapmIasa 3ng @T19I3uTsAT~d Satq
FsTT®330u-Tboeajzaaaun-dnabantg

buntre3saayuabrd 60£9LZ8A
-3 ‘2applo ‘bau Yy v
INTAQTTOA TWOES

1y’

[ UOTINBSU-SN3IL‘L-SquOoDsodDbI | 3TeUaqIon - Idznani:xyo3ny - bu | SDODSE 90005l §D00SE |S000SED
-zadg - )aqun :3YDTSIOA‘ITRQSTOM-YyDeu JI3dIS0) TIUY-O3INY-SUWIDEeM — L ) B Fncmnh.l— Luunlnmm.l_l
| '+1d°°SRW'ZV ‘'29ppod ‘Bau yd v 9000S€8000S€, 90005€,90005€3
AYNIH LSEAM-AQOLGINOS W66°TO ST QHuy | iseigy | CEdISHY | CoDISRY
ngm g e WuPUSAL S0 mary 2 § H -

joxTsTY:asATowsey 3H18Z °8qoiad
FOODL WAL ADRORIIED MARINANG ) Mein] 56 1)

OM:¥L-1 9000SED 18°£0°0Z
®g/713S SNTIUSBDUTIA-]S :Sneyay

LSIM-AQOEINOS W66°10°ST
BE/Z:3S SNTIUSDUTA®3S :sneyay
viesLes

90005€D INISPIO
B mmﬂ:nmmumcmnlowmm.mux mluﬂ—wmmlm:
LSIM-AAOFIWOS W66°10°GT

BE/Z:3S SNTIUSDUTA®IS :ENeyIy
60€9LZ8
90005€D  INISPIO

Bt DT et etas hekatadadha

9000SE 90005€! 90005€ (90005 €3

1oxa0ig §

[
]

\ stuqabirsuaqoadznaay munumwm;.

-—~ quaUMYOQ-SUOTSNJIsuesl ---

sNueqinig 'a16ojounwu| 1Ny IS
612q13pIaH 1B11SIBAIUN 18P WAXIU!

cC 6 € € & 6 ¢©

® C

C

(VLVQ S,LINIId103Y HLIM Q3NIGWOD)

(S3ENL 1S31) AYOLVNOEY]

1(ANVH 1437) sT3gV]
(NMOG-¥v3¥E J(3)
0¥LNO) ¥J0LS :AdOY
(71020104d HOLVWSSO¥D)
A¥OLVHOEY] :Ad0)
(IN31d1D3Y) auvy :IYNIDINQ

"zo_.r:m_mhw_m

SLINN Q0078 8-T ¥o4
QY023 NOISNASNVY|

PANOISID) L AdLno

¥3gWNN LINQ -
¥3Q¥Q 40 aNIY -

VivVa S,LIN3IdID3¥ M3IN ¥0

Y¥3gWNN-¥3quQ
NMONY;

PLNdNI



6. Experiences Gained from the Newly Developed Programming Language
"System PASCAL" upon Realizing the Information System for the
Clinical Blood Donor Center in Heidelberg

R. Schlevogt, G.K. Wolf

Institute of Medical Documentation,
Statistics and Data Processing,
University of Heidelberg (FRG)

PASCAL is a programming language with exceptional qualities for
training as well as for programming within the framework of small-scale
software. Above all, the well-structured blocks of PASCAL programs,

the possibility to define (abstract) data types and data structures,
and also the quality of the programming language for the design of
programs along the line of "stepwise refinement" should be emphasized.
To make the programming workable in practice, various manufactures of
minicomputers (for example DIETZ) now offer a "System PASCAL" which
allows the use of external modules. Thereby it is possible to access
program libraries as well as overlay structures, and even to interface
to other programming languages. A “prolog" or “prefix" as a first module
can obtain definitions that are global to all subsequent modules.

With the help of "System PASCAL" it was an easy task, to realize the
missing input and output for screens as well as to utilize an existing
index-sequential external data file administration ("DFMS").

The programs are easy to read, easy to change and to expand. Neverthe-
less, the compilated programs are much more efficient than similar
programs, for example in the C-BASIC system ("Commercial BASIC" system
with expansion). As examples for the application we display program part
parts for data structures and screen lay-out and management for the
registration of blood types. '
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BLoop Donor Service R. ScHLevosT, 6.K. WoLF
Bl u BLoop Probuct Depot ) Lo
BLooD TRANSFUSION SERVICE SYSTEM-PASCAL FOR THE REALIZATION OF SOFTWARE

PROLOG CONST
DEFINITIONS OF GLOBAL OBJECTS MINDESTALTER = 18;
(CONSTANTS, TYPES, ETC.) E.G. MAXIMALALTER = 65;
SPENDELISTEL =  ‘BLUTGRUPPENSEROL,UMTERSUCHUNGEN';
CONSTANTS FOR THE SUBSYSTEM SPENDELISTE2 =  'UNTERS. IM KLIN.-CHEM,LABOR ';
SPENDELISTE3 =  ‘BELEG FUER DIE BLUTSPENDEZENTRALE';
DEFINITIONS OF DATA TYPES FOR TYPE
DONOR MANAGEMENT BYTE - 0..255.
IWEIZEICHEN = ARRAY [1..2] OF CHAR;
ABNULLSYSTEM = (A,B,AB,NULL) ;
AUNTERTYP = 1..2;

DATUM = RECORD
TAG, MONAT, JAHR : ZWEIZEICHEN
END;
BLUTGRUPPENSATZ = RECORD
HAUPTGRUPPE : ABMULLSYSTEM,
TYPE AUNTERGRUPPE : AUNTERTYP;
RHFORMEL, KELL : BYTE; (*VERSCHLUESSELT*)

DATA TYPES AND STRUCTURES

HLA:ARRAY ['A’..’D’, 1..2] OF BYTE;
HLABESTIMMUNGSJAHR : ZWEIZEICHEN

END;
SPENDERSATZ = RECORD
NACHNAME, GEBURTSNAME, VORNAME:ARRAY [l..26] OF CHAR;
GEBURTSDATUM : DATUM;
éLUTGRUPPE : BLUTGRUPPENSATZ
END;
SPENDEDATEN = RECORD
KONSERVENNUMMER : INTEGER;
SPENDEDATUM + DATUM;
PRODUKTART : (VOLLBLUT, ERYTHROZYTENKONZEN-
TRAT, ....,THROMBOZYTENKONZENTRAT) ;
SPENDEMENGE : INTEGER
END;
MODULE MODULE BLUTSPENDE (INPUT, OUTPUT);
MODULAR STRUCTURE OF THE SYSTEM WITH A EXPORTS TAUGLICHKEITSTEST, SPENDENVERBUCHUNG;
PRECISE DEFINITION OF THE INTERFACES IMPORTS DATUMSEINGABE, DATUMSVERGLEICH,
EXPORT: DECLARATION OF THE NON-HIDDEN
OBJECTS (vAﬁABLEs, FUNCTIONS, PROCE- TAGESDATUM,

DURES) OF THIS MODULE,

IMPORT: DECLARATION OF OBJECTS WHICH
ARE USED WITHIN THIS MODULE, BUT )

WHICH ARE DEFINED ELSEWHERE MORMALWERT, MELDUNG;
VAR

THE CONCEPT OF MODULES ALLOWS EASY SP, LR : SPENDERSATZ

EXPANSION AND MODIFICATION OF PRO-
GRAM BLOCKS NEUESPENDE : SPENDEDATEN;
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SCREEN CLEARSCREEN = %7E1%:;
{SCREEN FILLED WITH FOREGROUNDSPACES, CURSOR HOME}
EASY-TO-USE SCREEN MANAGEMENT CLEARTOEOS = %7E18%;
BY OWN FUNCTIONS, E.G. {CLEARING OF SCREEN FROM CURSORPOSITION}
CLEARTOEOL = %TEOF%:
DEFINITION OF DISPLAY {CLEARING OF SCREEN LINE FROM CURSORPOSITION}
CONTROL CODES AS BACKGROUND = $7E19%;
PASCAL-CONSTANTS {ALL FOLLOWING SIGNS SHOWN BACKGROUND}
FOREGROUND = %TELF%;

{ALL FOLLOWING SIGNS SHOWN FOREGROUND}

PROCEDURE FOR PROCEDURE POS (Y,X : INTEGER);
POSITIONING THE {PUTS CURSOR ON SCREEN POSITION (Y,X)}
CURSOR BEGIN
WRITE (37E11%,CHR (X),CHR (Y))
END;
Spenderverualtung :BG von: MAIER , 1D:030333520315
1 Blutgruppe :10 ALB* 0 20 Busz
z Rhesusformel : 4 ccD.ee 1 BS Z1  Budd
3 Cw:!l - 2 B 22 BuwdS
4 Lewis : 4 a-b- 3 B8 23 Budb
5 PL:2 - 4 B12 24 Pyd?  EXAMPLE FOR A DIALOG
5 Kell-Untergruppen : Kt K2#Kpat+ b- S B13 2§ Buwt3 SCREEN FOR THE INPUT
7 Duffy : 4 a-b+ 6 BlY 26 Bud?  oF BLOOD TYPES WHICH
8 Klt)’(ga % - g guﬁﬁ 5 gﬁ;? WAS PROGRAMMED IN
1 MNGs :  MSs 9 BI7 23 Bus:  S-PASCAL
ot Lutheran : 3 a-b+ 10 B8 30 BuS3
12 Irregulaere Antikoerper @ 11 Buw2l 31 BuSH
13 HLA A-Locus : S AL0 8 Au23 12 BwZ2 32 BuM
HLA B-Locus : 0 0 13 BZ7 33 Buwb
HLA C-Locus ¢ 0 0 14 Buw3S
HLA D-Locus : 0 0 15 B37
16 Buw38
17 Bw3?
Erstspender 18 BY0
Nutmer der gewaeh!ten Blutgruppe :9 19 Bu4l _
MAINTEN ANCE EASILY READABLE PROGRAMS BECAUSE OF STRUCTURING AND
SELF-EXPLANATORY NAMES.
EASY ELIMINATION AND REPLACEMENT OF PARTS BECAUSE
OF EXACT INTERFACES AND MODULAR STRUCTURE
DATA FILES INDEX-SEQUENTIAL FILE MANAGEMENT CAUSES RELATIVELY

GREAT EFFORT IN PROGRAMMING
BUT

OUR OWN INFORMATION SYSTEM IS MORE EASY-TO-USE THAN
AVAILABLE UNFLEXIBLE DATA BASE CONCEPTS FOR
MINICOMPUTERS.,



The installment of an Electronic Documentation System at the Blood

Donor Service in the State Hospital in Homburg

H. Jdger, K. Nienhaus, E. Wenzel

Dept. of Clinical Haemostaseology and Transfusion Med., FB 3/4, Univ
of Saarland, D-6650 Homburg/Saar

The Blood Donor Service in Homburg is responsible for the following:

1. Acquisition, storage and distribution of stored whole blood con-
centrates, and plasma derivatives for the hospital;
2. Covering the need for transfusion blood

The Blood Donor Service in Homburg is divided into 4 departments:

Blood Donor,
Laboratory,

. Storage (Blood Bank),
Blood Recipient.

Hw NN =

On the basis of an analysis of the workday routine, an Electronic
Documentation System for the Blood Donor Service has been realised in
the first place for the Blood Donor Department and the laboratory.

Acquisition of the donor's data is a prerequisite for the processing
of a Blood Donor's form, controlling the donor and notifying him when
necessary, and this also makes it possible to contact the particular
donor rapidly in emergency cases. Information is recorded on the
donor's identification, suitability of his blood, his blood classifi-
cation and the number of blood donations. In connection with the

blood recipient's data, it is possible to backtrace the donor of the
blood, for example, when suspic¢ion of infection from blood transfusion
arises.

The system for the donor has now been fully implemented (Einplatz-
system, HP 9835). The data is stored momentarily on rapid cassettes
and plans are underway to supplement this with disc units. We are also
aiming at an eventual link up to the Host Computer (Siemens 7.760) at
the Hospital.

Considering the task a Blood Donor Service must be able to perform,
this project is being pursued in order to improve the effectiveness
safety , and intelligibility of transfusion medicine here in Homburg.
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Experiences with the Philips-P-310-0ffice Computer
in a University Blood-Bank

A.M. Jansen, K.P. Schdatzle, N. Kleine

Medizinische Universitdatsklinik Freiburg
Innere Medizin I, Director Prof.Dr. G.W. LGhr

The bloodbank of the Freiburg University Hospitals is responsible for
supplying ACD- and heparin-whole-blood units and blood component units
to the University Hospitals as well as to the hospitals in the sur-
rounding area. In 1980, 60.001 units were cross matched; 25 % of these
did not come from our own production.

The infrastructure of the blood donation centre is made up of the
following components: A) donor, B) product, C) laboratory, D) storage,
E) transfusion, F) administration. Until 1979, these areas were con-
ventionally processed. Since October 1979, the donor component has

been computerized; donor-involved aspects of product, laboratory,
transfusion and administration have also been handled with the aid of
EBP, using a Philips P 310 office computer. The P 310 is a one-terminal
system without a visual display unit with 16 K Bytes storage capacity,
on floppy. At present 2610 O Rh pos donors, 2450 A Rh pos donors, and
2305 donors of the other combinations have been computerized. Either
all donors with O Rh pos or all donors with A Rh pos features or all
donors with the other ABO and Rh combinations are simultaneously
available by random access. The computer handles donor data entry, donor
data actualization and donor data elimination; data elimination proved
necessary due to the limited storage capacity and a great fluctuation in
casual donors.

The stored data increases the accuracy of donor identification which

is carried out by surname, first name, birthday, blood group, Rh-factor,
donor number and computer number, both numbers being additional
identifying features. They facilitate a precise selection by erythrocytic
antigen patterns, leukocytic antigen patterns (partially realized) as
well as presence or absence of irregular antigens or antibodies. On the
basis of these data, donors are notified according to their accessibility
(e.g. by letter), their availability (Freiburg residents who can be
reached by telephone either at home or at work), and eligibility (the
minimum interval between donations).

The>time intervals are automatically determined by the computer.

In the product area, the system is programmed to serially number the
blood units and to print out the number on the external data sheets,
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such as donor card identification, labels for the units and the tubes
accompanying each unit as well as transfusion papers. In the laboratory
area the daily blood donation 1ist is printed out as a main record, on
copies of which the serological and clinico-chemical results obtained
in the laboratory are entered manually. In the storage and transfusion
areas reliability with regard to the identity of our own products is
increased by the automatic print-out of the serial unit number on
identification labels and transfusion documents.

Administrative tasks are simplified by the print-out of the daily cash
register balance whenever a predetermined 1imit is reached during a
blood donation period, by the print-out of the daily statement after
every blood donation period, by the print-out of the annualstatement
and the possibility of erasing data of donors no longer resident in the
Freiburg area. \

EDP has reduced the probability of errors in the donor area and in the
other areas of interaction with this area and has increased reliability
in the production and transfusion of units produced by our own blood
bank. The search for donors with complicated antigen patterns is
facilitated. Cost savings and labour reduction were not achieved; on
the contrary, the recording of data before introduction of the system
increases costs and labour. Cost.savings and labour reduction in using
the system are conceivable if a reduction in waste caused by inadequate
supplies of blood units can be achieved, by means of a program for the
automatic notification of blood donors at fixed intervals as well as

a program for the automatic print-out of blood donor identification
cards.

A full integration of all areas of the blood bank in EDP cannot be
achieved with the present system.



COMPUTER SYSTEM OF THE GERMAN RED CROSS
BLOOD TRANSFUSION SERVICE RHEINLAND-PFALZ

H. Bitz, W. Castor

Description of poster

The Blood Transfusion Service of the GRC Rheinland-Pfalz is a regional
blood transfusion service. Its task is to supply hospitals in Rheinland-
Pfalz and Saarland with blood units and blood components.

In order to be able to maintain this service, about 180.000 blood units
from 97.000 volontary donors are needed anually. About eight mobile
laboratories carry out blood collections daily within the entire service
area.

A11 blood units are analyzed in the laboratories of the blood center in
Bad Kreuznach before being shipped to hospitals. For more than 80% of
the collected blood a preparation of subfractions is required.

The EDP assistance of the GRC Blood Transfusion Service is supported
with a PDP 11/60 computer from Digital Equipment. Digital Standard
Mumps (DSM-11) is used as operating system. At present dialog-oriented
input of donor, blood units and laboratory data is performed by 12 TV
terminals and 2 bar code lightpens.

A Roche Groupamatic 360 C is used for blood grouping. It is equipped
with a PDP 11/05 computer connected to the central computer by an opto-
coupler. A bar code laser scanner serves to identify samples positively
(1st poster).

The EDP system schematically represented in the second poster supports
the following operation fields, specific for a regional blood
transfusion service:

- input and administration of blood donors,
- input and analysis of laboratory results,

- processing and distribution of blood units and blood
components,

- planning and completion of blood collections.

Since December 1979 it has been operating in this way.

Integration of EDP into the GRC Blood Transfusion Service Rheinland-
Pfalz has brought an additional degree of security and has simplified
the realization of documentary qualifications which must be fulfilled
by the blood transfusion service according to "Arzneimittelgesetz"”
{Orug Act of the FRG) and the Good Manufacturing Practices (GMP).



Computer-System of the
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DRK-Blutspendedienst Rheinland-Pfalz

Hardware-Configuration

BLOOD-UNIT
AND DONOR
INPUT

ACCOUNTING

BPI

9 TR.

[l
= |
DISTRI-

BUTI
LIGHT-PEN o

180 ¢/s
POP 11/60
256 KB
POP 11705
16 kB
GROUPA-
WATIC
20 W 20 WA LIGHT-PEN 30 ¢
- ;
LIGHT-PEN v
"’ SEROL.-LAB

COMPONENT
LAB
GROUPA-
POP 11/05 TIC
T o R

LIGHT-PEN, 20 A

PDP 11/60
256 KB
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The EDP-System in the Blood Collection Service of the Bavarian

Red Cross

G. Bichner
BLUTSPENDEDIENST’DES BAYERISCHEN ROTEN KREUZES

Institut Wiesentheid

The build-up of the EDP-systemwithin the Blood Collection Service of
the Bavarian Red Cross follows the specific structure of the organi-
sation, particularly due to the high degree of decentralisation of
the institutes in Munich, Regensburg, Niirnberg, Wirzburg, Wiesent-
heid and Augsburg.

But we still consider the Bavarian BCS as a functional unit, despite
the geographical dislocation of the institutes, and restrict the in-
dependence of the individual institutes to their given and Timited

responsibilities.

According to those circumstances, the central computer - type SIEMENS
7.722 - is installed in the Institute Wiesentheid and realized the
central Donor and Unit Management, including general administrative

procedures.

The processing of the blood units in the institutes, beginning with .
incoming donor data to the final release respectively blocking. is
supported by subsystems SIEMENS SICOMP 10C. These systems are
connected with the central computer by a transmission system.

The central computer supplies the donor informations, necessary for
daily laboratory processing. Similarly, the laboratory informations
are provided to the central computer (Poster 1).

The correct recording of the information of the each blood unit is
highly important for the reliability of each unit. For collection of
data (unit respectively identification number of each donor), a OCRB-
hand reading system is used. The automatically readable ID-number is
transferred by photostatic copy at the collection point from the
donor pass to the registration form (Poster 2).
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A COMPUTER-AIDED INFORMATION SYSTEM FOR THE HLA-TYPED
REGULAR DONORS OF THE BAVARIAN RED CROSS BLOOD
DONATION SERVICE

G. Dennerlein, F. Unger
Forschungsgruppe Medizin-Ukonomie
am Betriebswirtschaftlichen Institut
Universitdt Erlangen-Nlrnberg

The computer-aided information system, developed in cooperation with

the Blood Donation Service of the Bavarian Red Cross, makes it possib-
le to select blood donors from a computer-stored file of regular donors,
on the basis of a given antigen profile.

This selection is carried out in accordance with the erythrocytic
systems ABO, Rh, Kell, MNSs, P, Duffy, Lewis, Kidd, and the leucocytic
HLA system.

Owing to the tremendous variety within the HLA system, the main prob-
lem encountered when performing transfusions is to find HLA-identical
or compatible donors. In an attempt to 1imit this HLA polymorphism,
the information system described here also takes into account the for-
merly ignored HLA-A and HLA-B cross reactions when selecting suitable
donors.

An accurate testing of the agreement or tolerability of the HLA deter-
minants between recipient and donor is necessary, since already the
first administration of cells can result in the production of antibo-
dies by the recipient.

At the same time, the program automatically checks the actual ability
of the donor to donate (depending on the nature (purpose) of the do-

nation (donation category), donation interval, donor status, medical

history).

From the very beginning, the development of the selection program was
undertaken with an eye to achieving a problem-free transfer to

other computer systems (thus obviating extensive program modifications).
The program, which uses COBOL as programming language, was produced
and tested on the microcomputer KBS-Z80A. The exclusive use of ANSI
(American National Standard Insitute)-COBOL commands ensures maximum
transferability of the program.
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In the form realized the system can, therefore, be used with other
data processing hardware with only slight program modification, and
can thus be taken over by other institutes.

It is intended to implement this information system in the institutes

of the Blood Donation Service.

Tasks:

Particularity:

Software:

Example:

Selection of blood donors in consideration of

- the erythrocytic systems: ABO, Rh, Kell, MNSs, P,
Duffy, Lewis, Kidd

- the leucocytic HLA system

In response to the cross reaction graups in the HLA
system

Automatic check of actual ability of the donor to
donate depending on the nature of the donation,
donation interval, donor status

Programming in ANSI-COBOL

Input of antigens by CRT-console

Integration of the selection program into other
program systems with the aid of a standard program

Input mask

SELECTION OF DONORS

Please give antigen profile!

ABO
RH-SYSTEM
KELL-SYSTEM
MNSs'SYSTEM
P-SYSTEM
DUFFY-SYSTEM
LEWIS-SYSTEM
KIDD-SYSTEM
HLA-SYSTEM

A

: CcD. Ee

: kk
A- LOCUS: A2 B- LOCUS: B7 BW51
C- LOCUS: D- LOCUS:

DR-LOCUS:



EDP-ASSISTED DONOR-RECIPIENT SELECTION IN HISTOCOMPATIBILITY-MATCHED

KIDNEY TRANSPLANTATION

H.M. Frauer, G. Miiller, M. Dietrich, C. Miiller, W. Schumann and P. Wernet

Medizinische Universitdtsklinik Tiibingen, Abt. II and IV

Relevant factors in sucessful kidney transplantation are the quality
of the organ offered and the compatibility of donor and recipient
within the major tissue types, particularly the HLA-DR alloantigens.

In order to allow as quick as possible, a recipient selection, basic
data together with histocompatibility antigens (blood group, HLA-A,B,
C.DR) of the patients on the waiting list of the South German coopera-
tive study group for kidney transplantation were stored in a Diagnos-

tik and Information System (DIS).

Following the determination of donor histocompatibility antigens,
possible recipients were listed in order of matching grades on the
basis of antigen number compatibility by means of the terminal.

In cooperation with Eurotransplant and within the framework of the
Eigth International Histocompatibility Workshop, 67 transplants were
performed. Patients having received HLA-DR-identical or -compatible
kidneys showed the best results and these transplanted organs have the
longest survival times.

The programs are written in FORTRAN IV and implemented on IBM 1800 and
IBM Series 1.

Supported by DFG Forschergruppe WA 139/11, A III.
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Mitler, G. et al.: Hohere Erfolgsdaten bei der Nierentransplantation
durch die HLA-DR-Typisierung. Deutsche Mediz. Wochenschr. 12 (1980), 396.

Miller, G., P. Wernet: HLA-DR serology in transplantation. Z. Immun.-
Forschung 156 (1979), 231.
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HLA - A.B.C.DR - TYPISIERUNG MEDIZINISCHE UNIVERSITAETSKLINIK TUEBINGEN 8 461
IMMUNOLOGISCHES LABOR DR. WERNET e 17
HANNES LABNR. 8348 KAMMER 3083 B-ZELLE GEFR. DIAG. 7 TYP.DAT. 12. 3.81
TYPNR . 1 PBL . ™ ] nTa
NR SERUM VERD ANTI-HLA ERG. NR SERUM VERD ANTI-HLA ERG.
1 W6/32HK-NC 1 NE6.KONT 2 31 WER 215D/FUS 1 DRS 2
2 AD-SER 1 NEG.KONT 2 32 CUR BWE7O 1 DRS 2
3 TUE3S-NC 1 A DR COM [:] 33 60L BWISB 1 DRS DR4AW 2
4 NEI @11-MC «ess  A-DR-C [} 34 EWA 8353 225 DRS DRAW 2
S JEA 2136 1 DRt 8 35 WER 217D/SPE 1 DRS DR4 2
6 6SW S37/I1I 1 DR1 8 36 JAW 76 2 DRE 2
7?7 ROD 8W432 2 DR1 8 37 JEA1951 S DR6 2
8 6AN BUB73 3 DRt 2 38 EA 8WSB1 1 DR6 DR3 2
9 UWER 214D/UG0 1 DRI CWa 8 33 WER 8W1101 1 DR DR2 [:]
18 ROD 44363 2 DR1 NT1W 6 48 FER 8W721 1 DR? 2
11 EWA 08483 2 DR2 6 41 GBOL 8WSSS 1 DR? 2
12 MAL 760033 2 DR2 8 42 CUR BDSS031 1 DR7 2
13 UWER 206D/TRU 1 DR2 6 43 WER 164D/HOES 1 DR7 2
14 UWER 207D/AYD 1 DR2 6 44 STA 8462 1 DR7 2
15 UWER 210D/END 1 DR2 6 45 REE 10893 1 DR7 DRAX? 2
16 WER BW1099 1 DR2 8 46 FER BW722 1 DR8 2
17 BOT BWSSS 1 DR3 2 47 ENG BNS07 2 DR8 DRS 2
18 EWA 7942 1 DR3 2 48 ROO 8W4a41 1 DRB+ 2
19 JaW 35 1 DR3 2 43 WER 22@D/PIT 1 n71 8
20 DEJ 8W766 4 DRI DRE 2 S8 STA BW4b1 1 nm 8
2% WER 213D/MUN 1 DR3 DR? a 51 WER 213D/SAB 1 nml 8
22 REE 10820 1 DR4 2 52 SFE/GRA 1 nm 6
23 BOD 8WSE3 1 DR4 2 53 SFE/PIL 1 n71 DR2 8
24 ENG BWSO8 1 DR4 2 S4 ROO DR16213 1 n7 LB12 8
25 NOR BENNET 1 DR4 2 S5 FER BW725S 1 DC1 HT1 8
26 WER 137D/LAN 1 DR4 DRS 2 S6 ROOD LW25362.5 1 LB13 2
27 WER 208D/SEL 1 DR4 DRaX7 2 57 WER BW1107 1 nr2 2
28 JAW 90MOSS7T 2 DR4 2 56 STA 8W4E0 1 n12 2
29 EN6 BWS09 2 DRS 2 S8 WER 221D/BAES 1 NT2 MT3? 2
3@ FER 8W720 1 DRS 2 68 W6/32 HL-nC S8 POS.KONT )
Figure 1 HLA-DR typing.
08.04,.81 WARTEL ISTEPATIENTEN SEITE 27
FUER NIERENTRANSPLANTATIONEN
BLUTGRUPPE 0 SORTIERT NACH HLA=DR
. ===z
HLA=DR HLA=B HLA®A RHeBGRe DRINGe PATNRe NAME ALTER ZENTRUM SURONRe
DR1 DR2 87 827 All AW30 +0 2 290 MARA 41 TUEBINGEN
DR1 OR3 B14 A3 AW 32 +0 o 179 wILLl 29 HE IDELBERG
DR1 DR3 B7 813 All AWl 9 +0 o 109 HELMUT 42 TUEBINGEN
DR1 DR3 B8 A2 +0 [] 265 ROLAND 24 FRANKFURT
DR1 OR4 87 BW3S A3 AW31 +0 o 75 ULRICH 24 HEIDELBERG
DR1 OR4 87 Bwas A2 +0 o 110 THOMAS 21 HEIDELBERG
DR1 OR& BW1S.2 A3 All -0 o 74 WOLF GANG 23 HEIDELBERG
DR1 DR4 B12 BW16 Y AW24e +0 o 164 EUGEN 51 TUEBINGEN
OR1 DRS 812 aw3s A9 AwW32 +0 o 65 Lucla 24 HEIDELBERG
OR1 DRS B12 Bw22 Al A9 +0 o 83 ERICH 29 TUEBINGEN
DR1 DRS 87 BW3S A3 Aw3l o o 220 EUGEN 26 ULM
DR1 ORWS B1S Bw38 A28 A28 o o 234 OTTMAR 45 ULM
OR1 ORT 87 BW39 A3 AWZ 4 +0 o 277 MICHAEL 18 HEIDELBERG
DR1 DR7 B8 812 Al A3 +0 1] 192 WAL TRAUD a1 TUEBINGEN
DR1 OR7 813 827 AW24 AW34 +0 3 306 GABRIELE 36 TUEBINGEN
DR1 DR7 B12 Bw39 A28 AW24 -0 o a8 K ARL 39 HEIDELBERG
DR1 DR7 812 B37 Al A29 -0 o 39 BERNHARD 30 FREIBURG
DR1 DR7 B14 BW3S A2 All o o 238 ALFRED 50 ULM
DRI OR7 BW22 BWA9 All A26 +0 o 50 IRMTRAUD 42 HEIDELBERG
DR1 85 Bl14 A2 +0 o 12 ALFRED 53 MANNHEIM
DR1 Bw3S A3 o o 227 KURT 44 ULM
DR1 813 BwW3S A2 AW30 -0 o 270 SIGRUN 38 FRANKSURT
Waiting list patients grouped accoording to HLA-DR match.

Figure 2
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HLA-AB AND -DR MATCH IN 67 CADAVER KIDNEY TRANSPLANTATIONS WITHIN
SOUTH GERMAN COOPERATIVE STUDY GROUP FOR KIDNEY TRANSPLANTATION.

HLA-DR IDENTITY
TOTAL
0 1 2

0 0 0 1 1

= 1 2 7 0 10
=
]

2 2 2 19 8 29
2
&

ES 3 [ 13 3 20

4 0 6 2 8

TOTAL 8 45 1 67

Table 1 Number of HLA-AB and -DR match in cadaver kidney trans-

plantations.

SOUTH GERMAN COOPERATIVE STUDY GROUP FOR KIDNEY TRANSPLANTATION

KIDNEY GRAFT SURVIVAL AND PROSPECTIVE HLA-DR MATCHING (N =67‘)

Number
of mismatches:
1¢# ODR
I 24 1DR
2 3+ 2DR
=]
"
3
o
20
0 T T T T r T T T J
0 2 4 6 8 10 12 1% 16 18

Follow~up time in months

Figure 3 Kidney graft survival of 67 transplanted organs.
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Selection of Compatible Donors and Evaluation of HLA-Seroscreening Data by Computer Programs

E. Wérner, R. Malchus andl anpe

Blood Bank, Uni
Free University Berlin, Spandauer Damm 130, D-1000 Berlin 19

Supporting Programs Files Applications
Source language: Fortran IV Devices for permanent Computer: Contro! D-n® Cyber model 72; access to operating system NOS/BE 1 with card
files: tape reader or terminal {interactive use)
Short time files: disk pack Central memory core: 50.000 x 60 bit
(max. 80.000 cards) Disk pack core during execution: “ad lib."
File organisation: indexed
sequential
® Addition or deletion of Donor File ————" Donor Selection Using SPSS* —» raw output —— List of Selected Donors
donor or patient data (Fig. 1) {Fig. 2) (Fig. 4)
modification of stored data
@ Storing files on tape Patient File HLA-Antibody S ing** + List of Antigens for Each
Reading files from tape ({Fig. 1) Serum Including R-Values
(Fig. 3)
® File protection Scores of the
Antibody-Reaction
® Program library management Further applications: Annotations:
Printing of stickers * Statistical Package for the Social Sciences
List of antigen frequencies Refcraocz SPSS 8, Nie + Hull, Stuttgart, 1980
Sorted list of all donors/p: b ion of the Eurotransplant Screening
Programm
Fig. 1
Important Donor/Patient Deta: identification number aLOCK & PANEL  1-81 soe
family name
. 2 SERUM NONOR B0RN wadE HOSPITAL
date of birth i ;g" Y
ABO FREQUENCY DISTRIBUTION 0 1 2 3 e s
Rhesus factor £ou 1s 3 o & 8 o 8
antigens of HLA-locus: A,B,C,D,DR ' N
/630UP == =e e= e N
clinic or blood center o 29 2 5 9 &5 5.1 8308
3ws3 31 n 7 2 60 1.82 .298
Fig. 2 a9 21 6 5 460 181 286
e : . - Aw32 29 2 L) 3 60 1.57 .24
Criteris for Donor Selection: EI) 31 7T 2 40 1.9 .88
Selection of HLA-A or HLA-B identical or compatible donors in :s“‘v g'l’ [OOSR °:§;
consideration of cross reacting antigens. ow36 % '» 8 1 o .67 .105
. .. . E L 67 o
Priority of criteria: 1. Rhesusfactor A S S A S
2. HLA-A, HLA-B including 312 25 : ; 3 :o .~g :z:
-1 il i 317 28 2 0 b .
cross-reacting antigens 30 20 3 7 3 en a3 .0se
3. ABO Cws 28 3 7 2 6N .63 048
. " . . . . . cx 3 28 a 9 40 25 06t
If the first run will not be satisfying with respect to identical donors UL 3 1 R 1 :n :nz :n::
identi ¥ i i i 3w3) 30 1 B 1 40 .09 .0
one nonidentical or non cross-reacting antigen will be accepted. wor B 1 A 1 en soe o1e
E. le of SPSS-S Fig. 4
HUN NAME T H O M ALUDHIGS01019900402929+62027+2+3s STRA
ST FILE LU
SELECT IF (ABO £Q 0 ) HLA-TYPISIERTE BLUTSPENDER = 03/81  SPENDERSUCHE
1F (HLAAL EQ 001 OR WLAA2 EQ 001)A001=]
1F (HLAAL EQ 002 OR HLAA2 £Q 002)A00271
1F (HLAAL EQ 003 OR MLAA2 EQ 003)A003=1
IF (MLAAL EQ 009 OR HLAA2 EQ 009)A009=1 FUER: T H 0 M ALUDNIG»01019940¢42129452027+243¢ STBA
1F (HWLAAL EQ 010 OR HLAA2 EQ 010)A010%l
IF (MLAAL EQ 011 OR HLAA2 EQ 011)A011=]1 23/03781 SEITE 1
¥ (HLAAL EQ 019 OR HLAA2 EQ 019)A013%]
1F (HLAAL EQ 023 OR HLAA2 EQ 023)A023=1 ZENTRUM NamE VORNAME GEBURTS- S A R 1 HLA i
if (MLAAL EQ 026 OR HLAA2 EQ 024)A024s]1 JATUM EBH 1t ]
IF (MLAAL EQ 025 OR HLAA2 £Q 025)A025s] X0 ta A B8 8 C Ct
1F (HLAAL £Q 024 OR HLAA2 EQ 026)A0252]
1F (MLAAL EQ 028 OR MLAAZ EQ 028)AD28=1
¥ (HLAA} EQ 029 OR HLAA2 EQ 029)A029%1 BEW  CURIE WMARJE! 25.12.47 W0 ¢ 2296227 0 ©
1F (MLAAL EQ 030 OR MLAA2 EQ 030)A030s] RVK  SAND +GEORGE 27. 7,46 M0 v 229 T2T 2 o
IF (HLAAL EQ 031 OR HLAA2 EQ 031)A031s] BEw  FISCMER SMARIEWL, 26.12,39 W0 e 2 0 T27 2 O
IF (MLAAL EQ 032 OR MLAA2 EQ 032)A032=1 REW  BLOCH JERNST 234 455909 2 0 727 2-0
if {HLAAL EQ 033 OR HLAA2 €0 033)A033s1 BEw  MESSE +HERMANN 25.20,35 40~ 2 0 727 2 ©
IF (HLAAL EQ 034 OR WLAA2 EQ 03&)An3ées]
1F (MLAAL EQ 000 OR MLAA2 EO 000) AXXXe]
1F (HLAB] E3 005 OR HLAB2 EQ 005)8005%1 PERSONEN - GESAMTZAWL @ 5
1IF (MLAB] EQ 051 OR HLAB2 £Q 051)8051a1
IF (MLAB] EQ 052 OR HLAB2 EQ 052)8052s1
1F (HLAB] £0 007 OR HLAB2 EQ 007)8007s)
1F (MLAB EQ 008 OR HLAB2 €0 008)8008=1
ETC.
cowruft xonacunoz-m;a.uxxosrn,oeozbsonw
*SELECT IF (KORREL EQ 4

wRITE CASES (SAY.IX‘Z(F?-'\-"-'”-FZ.O-)X"I 1X4A24 Al+6F3,0)
NAMES oNAMEL TD NAMEGsGTAG YO GJUAMISSEXvAB04RHsHLAAL TO HLAC2
FINISH



Clinical Documentation System for the Hemophilia Center

H. Jager, K. Nienhaus, E. Wenzel

Dept. of Clinical Haemostaseology and Transfusion Med., FB 4/3, Univ.
of Saarland, D-6650 Homburg/Saar

The disease "hemophilia" is a congenital deficiency of the coagulation
factors in blood plasma. Hemophiliacs are treated with coagulation-
activating proteins (substitution therapy F VIII or F IX). These factor
concentrates are made from donors' plasma and standardized by IU. On
the basis of the different rates of formation and degradation of plasma
protein activity in each patient, it is necessary to work out for each
individual hemophiliac an in vivo recovery, characteristic of this type
of hemophilia and past bleeding incidences, in order to design an
effective therapy to prevent spontaneous bleedings from frequently
reoccurring. Our documentation system, already in operation, has been
set up to accomplish this task.

Medical care for hemophiliacs calls for a through, factual and rapid
evaluation of their medical data. Obstacles, such as the abundance of
data, the many possible dosage regimens, not to mention the number of
additional measures possible, and the considerable expense involved,
can hinder the realization of this necessary medical care. Since
opinions vary from center to center as to the dosage requirement for
each hemophilic case and since we are opposed to any one fixed course
of treatment for every patient, we firmly decided on a computer-suppor-
ted documentation system. A small data bank, which includes data form
all the hemophilic patients under our care, has now been built up.

The hierarchically based data structure of a patient consists of
personal data (address, family doctor, type of hemophilia, self-
infusion, etc.), clinical status, bleeding time (date, localization,
severity, etc.), the length of therapy (date, time, dosage, manufacture
of concentrate, lot, etc.) as well as laboratory analysis and a
questionnaire on the patient's social status. The questionnaire and
dialogue programs have been specially written and set up to be used
with the computer-supported data system.

The documentation system makes it possible to make a quick evaluation
of the hemophiliacs because of the speed by which the data can be
extracted from this system. It additionally assists the treating
physician in his routine work. Questionable lots of factor preparations
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can also be more quickly eliminated. The documentation system is

implemented through a Commodore-PET-Computer. Information is stored on

Floppy discs - one per patient.

We expect this system to improve the care of our patients in terms of

the selection of preparation, the dosage, and the time intervals of

it should help us

continual blood complications caused by therapy.

Furthermore,

administration.

in avoiding or reducing
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INTERACTIVE INFORMATION SYSTEM OF SELF-TREATMENT
IN HAEMOPHILIA

Hammerstein, U.; Voigt, U.; Liichters, G.; Etzel, F.; Brackmann, H.H.;
Institut fiir Exp. Hamatologie und Bluttransfusionswesen der Univ. Bonn

Hemophilia is a congenital coagulopathy characterized by a differently
marked deficiency of the coagulation factor VIII or IX. In the late
sixties the development of highly purified factor VIII/IX concentrates
led to a major change in the treatment of hemophilic patients. Thus,
in 1971, in addition to the existing in-hospital and outpatient treat-
ment, the Hemophilia Center Bonn introduced the controlled self-treat-
ment. This new treatment concept enables the hemophiliac to lead a
normal social 1ife. He is no longer excluded from attending Kindergarten
or school or leading a professional Tife.

For each hemophiliac under controlled self-treatment at our institute

the treating hematologist and orthopaedist first establish an individual
treatment plan based on the patient's hematologic and orthopaedic status.
After the patient is put on self-treatment, he remains in contact with
his doctor through regular written treatment reports and check-ups at

the hematological outpatient clinic. The treatment pltan is adapted to
changes in the clinical paramenters.

In 1975, 384 patients were followed by our institute using this method
of treatment. Now we have 637 patients under controlled self-treatment.
200 - 500 treatment records are registered every day. In addition, 200 -
270 hematological or orthopaedic clinic reports are registered per week.

In 1987, an interactive information system was developed in our
institute. Actual findings collected during attendance at the hemophilia
or orthopaedic clinics are directly recorded on the spot and remain
available far the determination of the treatment plan. Even at home the
patient remains connected with the information system. In normal cases,
the patient fills in a record form after each treatment sends these
record forms to the Center EDP once a week. In ermergency situations,
the patient can reach his doctor at any time by telephone. The Tatter
has, at all times, direct access to all the data in a synoptical way.
The doctor checks the therapy plan and objectives, using a weekly summary
of the most important therapeutical variables presented in a listing.
This is the basis for controlling and modifying the treatment plan.

A IBM 370/125 is used.
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Synopsis Donor Related Data of Various EDP Systems
by

D. Roos, Hamburg

The present synopsis of donor related data is the result of an

activity of the EDP working group of the Section I of the German Society
for Blood Transfusion and Immuno Hematology. A1l members applying EDP

in the area of blood banking and blood transfusion were asked to

supply the data structure related to the donor. After compilation and
discussion of the result every member had the opportunity to correct

the overview.

The table was then extended to include data provided by H. CASSEMAR (5)
concerning the Swedish system and data obtained from the data dictionary
of the Office of Data Processing of the American National Red Cross,
Washington D.C. (6).

The numbers of donors and donations provided reveal that two different
systems are included:

The left side of the table comprises 3 systems of hospital oriented
transfusion services serving university hospitals. On the right side
regional blood donor services are represented.

These supply the blood unit stocks of several hospitals. The first
group relies on permanent donors which are called regularly for dona-
tions. The blood is drawn within the institution. Donors have to be
accessible even at night in emergency situations. These functions
require larger data sets than the second kind of institutions. Here
donors are not called up but are asked at larger intervals to attend
external blood collections.

The Swedish systemrepresents a mixture of both.

The different tasks result in differing data structures. Even though
the workshop of our conference where this overview was presented and
discussed did not allow a detailed describtion of the functions of the
individual systems, a publication of the synopsis seemed reasonable to
us. It should be of use as a guideline for systems to be conceived anew,
and should also serve as a first step towards a uniform data structure.
The results of the brief discussion have been included in the present
version of the table. This discussion showed in particular that a long
way remains ahead of us before international standardization, particu-

larly in the coding and representation of blood types is achieved.

Translation of the text by J.R. Mohr
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Synopsis of Donor Data Sets in Different Computer Systems

Number of donors
total / active

Number of anual
donations

Equipthent
Data base system

Files

Direct access to
donor data by:

Hospital Transfusion Services

Universitat Hamburg
Universitatskranken-
haus Eppendorf
Abt.f.Transfusionsm.
a. Rechenzentrum IMD

15'000 / 8'500

26'000
Siemens 7.740
ADABAS

- Main donor file
(1809 Bytes)

- Serological file
(600 Bytes)

- Laboratory file
(1500 Bytes)

Donor number

Name

Phonetic code

Birthdate and sex

Blood-type or Group
of types

Donor-category

Donation interval

Date of availability

No. of reservation
for a patient

Special markers

and by contents of
other files
(Recipients f. etc)

Universitdt TUbingen
Inst.f.Andsthesie u.
Transfusionsmedizin
a.Abt.f.medizinische

Datenverarbeitung

12'000 / 7'000

16'000
IBM / 370 - 135
(Dialog w. CICS/VS)

- Main donor file
(320 Bytes)

- Donations file
(60 Bytes)

Index file
(11 Bytes)

Callup file

Search file f.
erythroc. Antigens

- Search file f.
HLA-antigens

Sequent. donor no.

ID code number
Name, birthdate. sex

ABO-Group and erythr.
antigens

ABO~Group and HLA-
antigens

Universitat Gottingsn
Blutspendedienst
and
Institut fir medizin.
Datenverarbeitung

19'5000 / 15'000

22'000
IBM / 370 - 158
IMS/VS

- Main donor file
'SPROOT' (200 Bytes)

Medical results file
'SPMEDU’ (48 Bytes)

Telephone file
'SPBEM' (36 Bytes)

Laboratory file
'SPANG' (76 Bytes)

- Secund.index 1
'BLUTSPEDB' (29 Bytes)

- Secund.index 2
'SECBLUDB' (7 Bytes)

Donor number
Birth name

Birthdate and sex

ABO-Group and donation
ID-number
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State March 1981

Blood Centers for a greater Region

Blutspendedienst
des
DRK -Landesverbandes
Rheinland-Pfalz
Bad Kreuznach

300°'000 / 130'000
180°'000
PDP 11 / 80
MUMPS
- Main donor file
variable record
size

- Family physicians
file

Sequential donor No.

Donor ID code
Name
Donation place

Unit ID number
(thru unit file)

Blutspendedienst der
DRK -Landesverbénde
Niedersachsen,Olden-
burg und Bremen
Institut Springe

700’000 / ?
417'000

Siemens 7.540

- Main donor file
(110 Bytes)

- Index files (?)

- Other files (?)

Personal number
(sequential access)

Swedish National
EDP System
for
Swedish
Blood Centers

180’000 / 80'000
?
IBM / 3022
(off-1line)
(ISAM
- Donor file
(360 Bytes)

- Unit file
(180 Bytes)

No. of donor IC card

Donor ID code

Anual no. of donations

American Red Cross

Data Dictionary

for Donor Deferal

and Retrieval
State March 1977

IBM

- Retrieval file
(157 Bytes)

- Rare donor file
(70 Bytes)

- Donor deferral file
(55 Bytes)



Sequential ID-no.

Public ID-number or
Social security No.

Alphanumeric ID-code

or searching codes

Birthdate

Sex

Name (actual)

Names before

Place of birth

Other ID data

Home address

Phone

Remarks

Hamburg

Donor -ID-number
(7 Bytes:
6 serial number
1 check)

Phonetic codes
(out of name :
10 x 6 Bytes)

Planned public ID-no
(12 Bytes: birthdate
6, sex 1, serial no.
4, check no. 1}

Surname, first name,
title, prefix
(28 Bytes)

Last name
(like actual name)

Marker for donors
with the same name
(1 Byte)

Blood service no.
(3 Bytes)

Date when ID data
are given or changed

Street, no. (28 B.)
Supplement (30 B.)

City, zip-code
(30 Bytes)

Home phone (30 B.)
Business ph (30 B.)
(each: area code
no. 5, phone no. 7,
code 1, additional
no. 2 x 4 Bytes)

Remarks to availa-
bility (28 Bytes)
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Tibingen

Donor ID-number
(7 Bytes)

IC-code for sear-
ching (11 Bytes)

Birthdate (6 Bytes)

sex (41 Byte)

Surname, first name
(23 Bytes)

Birthname (15 Bytes)

" Date of issuing of

ID-code (6 Bytes)

Street, no. (23 B.)
Zip-code (4 Bytes)

Home phone (13 B.)
Business ph (13 B.)

Gittingen

Donor ID-number
(7 Bytes:

6 serial number,
1 check

Birthdate (7 Bytes)
sex (1 Byte)

Surnamse, first name
(23 Bytes)

Birthname (20 Bytes)

Place of birth
(18 Bytes)

Strest, no. (20 B.)
Zip-code (4 Bytes)

Home phone (8 B.)
Business ph (8 B.)

Donor remarks
('small veins stc.)
(2 x 10 Bytes)



Bad Kreuznach

Donor ID-number

Donor ID-code

(11 Bytes: sex 1,
birthdate 6, first
4 ch. of name)

In donor ID code

In donor ID code

Surname, first name

Place of birth

Street, no.

Zip~codse, city

Only phone and
address of family
address

Niedersachsen

Donor ID card no.

Donor ID-no. (6 B.)

Birthdate (6 Bytes)

Sex (1 Byte)

Name (35 Bytes)

Strest, no. (20 B.)

2ip-code (4 Bytes)

City (20 Bytes)
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Sweden

Sequential enrolling
no. (optional)

Public personal no.
registration, no.

In personal no.

In personal no.

Name (28 Bytes)

Strest, no. (30 B.)

Zip-cods, city
(18 Bytes)

Home phonae (10 B.)
Business ph (14 B.)

Am. Red Cross

ID with sequence no.
(9 Bytes)

Social security no.

Birthdate (6 Bytes)

Sex 1 Byte)

Name and initials
including mr. and mrs
(30 Bytes)

Chapter of donor's
record (3 Bytes)

Streset, no. (25 B.)

Zip-Code (5 Bytes)

City-state (15 B.)

Home phone (10 B.)
Business ph (10 B.)



Calling data

Calling up items

Donation interval

Last donations

No. of donations

248

Hamburg

Calling code (1 Byte)
Distance code (1 B.)

Time of availability
2 x 2 Bytes)

(always for home
and business calls)

Days and time for
donations (am/pm,
7 x 2 Bytes)

Donation with donor
no. ... (7 Bytes)

No calls from ...
till ... (2 x 8 B.)

reason (6 Bytes)

Desired donation date
(8 Bytes)

Calling up date
(8 Bytes)

Earliest date of
drawing (8 Bytes)

Smallest individual
interval in weeks
(2 Bytes)

Last 10 donations

(10 x 30 Bytes:

- donation date (8)

- donation volume (2)

-unit no (3 6 2)

- 'hold’' marker (1)

- category of employ
(3)

- no of in vain
calls 1
- laboratory no. (4)

taboratory results
are stored in labo-
ratory file

(Details of stored

Total number (5 B.)
(for test-donation
only 1/4 of a normal)

Tibingen

Student ? (1 Byte)
With car ? (1 Byte)
Donor club code numb.
(5 Bytes)

Calling code (1 Byte)

Emergency donor?
(donating interval
0 days)

Self advicing donors
(calling interval 360
days)

Special donor ?

(1 Bytel
Marker 'ready f. do-
nation' (1 Byte)

Desired donation date
(6 Bytes)

Calling up date
(6 Bytes)

Marker f.
(1 Byte)

‘called’

Donation interval in
days (3 Bytes)

Last donation

(12 Bytes:

- donation date (6)
- main book no. (5)
- donation mode (1)

No. of donation
records

Last donations

- donation date (6)
- main book no. (5)
- donation mode (1)
- laboratory results

(80 Bytes x 'number of

donations’ 'for
every donation’

Gottingen

drop in donors?
coluntary donors?
volunteers?

Calling up date
(3 Bytes)

fconstant, 3 month)

Date of last donation

Last donatioens

(each 32 Bytes:

- donation date

- unit number

- laboratory results)

laboratory results see in literature)

Total number (3 B.)

Total number (2 B.)
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Bad Kreuznach Niedersachsen Sweden Am. Red Cross
Donation place - Desired donation Calling code (1 Byte)
time: (23 Bytes:
- periods of year 8 Business place (15'B.)
- days in week 7
- -time in day in Blood center donation
periods of 2 hours (1 Byte)
8)

- - Temporarly extra -
interval (2 Bytes)

Earliest date of
drawing (4 Bytes)

- - Normally extra -
interval (2 Bytes)

Last donations - Last donations

- donation date - donation date

- unit no. - volume code

- pathologic results - hemoglobin rate
(method code no. - sedimentation rate

and result)
(all donations are

stored)

Total number Number of donations Number of donations Number of donations
- total (2 Bytes) - total - total (3 Bytes)
- annual (1 Byte) - annual - annual (1 Byte)

(per volume code)



BLOOD-GROUPS (red)
ABO - Type

Rh-Factor (D)

Rh-Subgroups

Kell-Antigen

Testing date
and number of
investigation

Supplemental
antigens

Multitude of in-
vestigations

Results of single
bloodgrouping in-
vestigations

Antibodies against
erythrocyte antigens

Hamburg

ABO-Rh-K code 4 Bytes

1. Position 1 Byte:
1=A,2=B, 3=AB, 4=0)

2. Position (1 Byte:
1=pos.2=neg.3=Du.
4=else)

3. Position (1 Byte
CcEe-combination

‘decimal coded,

without CW)

4, Position (1 Byte:
1=pos, 2=neg)

P=not defined

Validity date for
bloodtype, antigens
and antibodies to-
gether (8 Bytes)

multiude of inve-
stigation (1 Byte:
0,1,2,F=difference)

'Antigen pattern’
(A HCY - Lea Leb
P4Tja K k Kpa Kpb
Jka Jkb Vea Veb Xga
- MNS s Lua Lub

- - binary coded
+/-/.: 18 Bytes)

Multitude of anti-
gens investigation
together (1 Byte:
coded)

Maximum 8 last in-
vestigations (sero-
logical file:

- date

- investig. ID no.

- ABO-Rh-K code

- antigen pattern

- enter code

- explorer code

Actual antibody
findings (6 x 2
Bytes decimal coded)
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Tibingen
'Bloodgroup’ (3 alpha
numeric items, p.e.
A1B)

Rh-Factor (1 Byte:
1=pos, 2=neg)

Rh-mosaic (8 Bytes:
single Antigens C c
DdEeDUCY+/)

(see below)

Bloodgrouping book-
number and year

'Erythrocytes anti-
gens' (1 Byte each:
K k Fya Fyb Jka Jkb
Lea Leb S s MnP

Lua Lub value /+/-)

Additional antigens
(free text 10 Bytes)

'Non regular antibo-
dies' (9 Bytes)

Goéttingen

'Main bloodgroup’
(binary coded 1 Byte)

'Bloed subtype' (1
Byte: CDE binary
coded)

(see below)

'Blood-factors’
(Fy-,Le-,Jk-code
Mg-AG, CW-fact., Ce-
fact., Mn-Ag,Ss-Ag
Kk-fact. each 1 Byte}

'Search-cyte’
(result -of antibody
screeining coded

3 Bytes)



Bad Kreuznach

ABO / Cc / Dd / Ee
and K are stored
(code unknown)

Supplemental antigens

(MN S P Le Jk Fy Lu,
code unknown)

Niedersachsen

ABO-Blood group and
A subgroups (3 B.)

Rh-factor and
Rh-subtype together
(3 Bytes decimal co
ded)

Kell Antigen (3 B.)

Number of compari-
sons between stored
and new made blood-
group (1 Byte)

Marker for antigen-
file (1 Byte)

Marker for antibody-
file (1 Byte)

251

Sweden

ABO and Rh-subtypes
are coded stored
(3 Bytes)

Investigation date
(4 Bytes: wwdd)

Antibody existence
decla red in code)

Am. Red Cross

Blood type ABO and D
(3 Bytes: AP AN BP
BN OP ON ABP ABN)



HLA - Type

Marker for special
functions

Instances of use

Hamburg

Text for HLA typed
and consent in zyta-
pheresis (6 Byte
free text, HLA-type
only planned}

'Controll groups’

(10 x 24 Bytes:

- characteristic 4,

- reminding date 8,

- supplement infor-
mation 8,

- No. of reminders
4 Bytes)

Setting up and cor-

recting external

documents:

- letter for central
donor register

- different labels

- magnetic ledger
donor card

- donor ID card

- donor data
general card

Calling up states:
- elected

- letter written

- not arrived (etc)

Donating phases and
hold-state
(look up)

Need of revaluation

- antibody entry

- bloodtype diffe-
rence

- unit in hold

(These groups enable
to introduce new
functions without
changing data base
structure)

252

Tldbingen

HLA locus A,B,C,D
(5 x 2 Byte, alpha-
numeric coded)

Organisatoric markers
(realised with I0-
swiches: 10 Bytes)

- Data complet, defi-
cient, missed

- working sheet

- general card of
donor data

- address labels

- donor ID card

- new donation label
sheet

- 3 Byte reserve

Géttingen

Binary markers with-
out description

(16 + 24 bit for
validity and checks)
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Bad Kreuznach Niedersachsen Sweden Am. Red Cross
HLA indicator No. of HLA-typings - - HLA-code (2 x B B.) -
planned (1 Byte)

Different indicators Marker for different ? ?

states (look up)

Marker 'pathologic’ - Type of donor ID-card List of inactive
donors
- annual no. of do-
nations
(additional ?)

Address for letters
to inactive donors



Reliability and
Activity

Donor state

Holding marker

Donor qualification

Standard use of the
donors blood

Donor check up

Hamburg

Reliability quotinet
(2 Bytes, not longer
used)

No. of in 'vain calls
since last donation

254

'Donating phase’ (1 B.)

enrolling - donating
- inactive phase

Actual donor situa-
tion 'hold' - 'free’
or deferral code

(1 Byte)

holding marker for
the next blood unit
(5 Bytes, reason for
holding)

Qualification code

(2 Bytes:

- risk of infection,

- antibody in serum)
~

Standard using code

(3 Bytes:

- donation mode 1
normal, plasmaph.,
cytaph.,testdon.

- using category
exchangetransf.,
normal, rare donor
frozen blood etc.

- actual variation
of blood use

Suitable f. cytaph.?
(6 Bytes free text)

Date and physicians
code from last
assessment (2 x
(842) Bytes)
Dates of last check
(2 x 6 Bytes:

- general and labo-
ratory investigation
- X-ray of thorax)

(results not yet
stored in donor file)

Tibingen

Reliability in perct:
No. of donations /
(No.of don. + in vain
calls)

State of deferral
(1 Byte, code)

Suitable f. patients?
(1 Byte)

Donor anamnesis code
(2 Bytes f. lues,
hepatitis etc.)

Special donor?

(1 Byte)
Cytapheresis donor
(1 Byte)

Last check up

- date

- demand no.

- laboratory results

-_anamnesis

- height, weight,
blood pressure

(in main file,

checks before in

donations file)

Géttingen

Deferral code (2 B.)

Date since donor is
in 'hold' state

Check up date

Physicians findings
(35 Bytes)

Check up of last

donations

- date

- results (look up
to)



Bad Kreuznach

Hold-code

Marker ’'pathologic’

Check up of last
donations:
- date
- method code and
result
(only if pathologic)

Comments over
communication to
family doctor

Niedersachsen

255

Sweden

- No. of written cards
- totally
- annually
- since previous
donation

- Code for
- active, inactive
or 'hold’
and
- reasons for it

Markers for -

rised PT 1 Byte
antibody file 1 B.
HBs file 1 Byte
lues file 1 Byte
hepatitis report

1 Byte, year 2 B.

Am. Red Cross

Inactive code
(designating the time
since last donation,
1 Byte)

Category of deferral
(1 Byte), reasons
(25 Bytes)

Hold-code (1 Byte)

Release date (6 Bytes)

Codes for special uss:
- freeze code 1 Byte
- pheresis code 1 B.

- group code (?) 1 B.
- rare donor 1 B.

Yadditional data in
rare donor file
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Date of expiration

1. Blood unit number
. Blood unit number
Blood unit number

. Blood unit number

o s, W N

Blood unit number

Code for preventing blood units from being used for transfusion
(HBSAg~reactive etc.)

Handling-code
(issue, return, expiration, scrap etc.)

Blood depot number
Date of delivery
Number of delivery note

Hospital code number

Name of data file: Poolplasma

Pool number
Blood unit number

Weight (kg)

Name of data file: Run

Run number
Quantity of plasma (kg) used in run
Plasma pool numbers

Date of manufacturing
(from - unti1)

Quantity of paste (kg)
Quantity of powder (kg)



Blood Product Related Data

by

H. Bitz, Bad Kreuznach

It is essential to keep a record of all information on each blood unit
and on all components and fractionation products. Different files are
needed. They should have the following capabilities:

(1) Link to the donor record system.

(2) Provide record of all information on each unit of blood from the
time it is collected from the donor until it is utilised for trans-

fusion.

(3) Include basic results of all laboratory tests from which interpretations
regarding blood type and suitability for transfusion can be made.

(4) Provide a record of all components and fractionation products for
controlling the manufacturing processes from the source unit up to
the final product.

(5) Link to patient record system.

The blood unit record system will be used as masterfile. This record
system contains all essential data concerning donor, blood collection,
test results, further processing, distribution to hospitals and, if
necessary and possible, allocation to individual patients.

A11 blood products such as leucocytes, platelets and fresh-frozen plasma
assigned to the source unit number should be recorded in a separate product
record system. Specific data as dates of processing and expiration may be
added in each file.

The data files for single-donor plasma, cryoplasma, poolplasma and run
form the basis of an unprocessed and subsequently processed inventory file
to facilitate control of all processing steps.

Cryoprecipitate, Fraction I (Cohn) and all Tot-products (albumin, gamma-
globulin etc.) are recorded in special files. Provision must be made to
insure that all new numbers are added correctly.
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Name of data file: Whole blood and Red blood cell concentrates

Blood unit number

Donor I.D. number

Date of blood collection
Number of blood mobile

Serological data
(ABO, Rh-factor, other antigens, HLA-system)

Product code number
(whole blood, red cell concentrates, washed red cell concentrates,

red cell suspension, leucocyte deprived concentrates)
Date of processing
Time of processing

Plasma pool number

References to additional products
(platelets, white blood cells, fresh plasma, fraction I (Cohn),

cryoprecipitate)
Code for preventing blood units from being used for transfusion
(HBSAg—reactive etc.)

Hand1ling-code
(issue, return, expiration, scrap etc.)

Blood depot code
Date of delivery
Number of delivery note

Hospital code number
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Name of data file: Platelet concentrates

Blood unit number

Donor I.D. number

Date of blood collection
Date of processing

Time of processing
Expiration date

Serological data
(ABO, Rh-factor)

Code for preventing blood units from being used for transfusion
(HBsAg-reactive etc.)

Handling-code
(issue, return, expiration, scrap etc.)

Date of delivery
Number of delivery note

Hospital code number

Name of data file: White blood cell concentrates

Blood unit number
Donor I.D. number
Date of blood collection
Date of processing
Time of processing

Serological data
(ABO, Rh-factor)

Code for preventing blood units from being used for transfusion
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Hand1ling-code
(issue, return, expiration, scrap etc.)

Date of delivery
Number of delivery note

Hospital code number

Name of data file: Fresh-frozen plasma

Blood unit number

Donor I.D. number

Date of blood collection
Date of processing

Time of processing
Expiration date

Serological data
(ABO, Rh-factor)

Code for preventing blood units from being used for transfusion
(HBSAg-reactive etc.)

Handling-code
(issue, return, expiration, scrap etc.)

Date of delivery
Number of delivery note

Hospital code number

Name of data file: Single-donor plasma

Blood unit number
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Name of data file: Fraction I (Cohn)

Cohn number
Date of processing
Date of expiration

Product code
(1 = Cohn plasma, 2 = Final product)

1. Blood unit number
2. Blood unit number

Code for preventing blood units from being used for transfusion
(HBSAg-reactive etc.)

Hand1ing-code
(issue, return, expiration, scrap etc.)

Blood depot number
Date of delivery
Number of delivery note

Hospital code number

Name of data file: Cryoplasma

Blood unit number
Donor I.D. number

Code for preventing blood units from being used for transfusion
(HBSAg-reactive etc.)

Name of data file: Cryoprecipitate

Cryo-number

Date of processing



Name of data file: Lot-products

Product number

Lot number

Produced quantity

Date of processing
Date of expiry

Run number

Quantity (kg/liters)
Scrap (quantity)

Blood depot number
Stock per blood depot
Serial delivery number
Date of delivery
Number of delivery note
Hospital code number

Quantity delivered
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Blood Recipient Related date

by
A. Kluge, Heidelberg

After considering the data sets of the blood donor and of the product,
derived from his donation, the next member of the chain of data sets

is that one of the blood recipient. There are only few EDP-systems
published in the English or German literature dealing with the re-
cipients' part in transfusion medicine. SCHNEIDER (1) made a comparison
in the following way (Tab. 1).

EDP-supported systems in blood banking and their tasks

Country number donor stock laborat. recipient
USA 10 3 10 - 1
UK 1 1 - - -
Sweden 2 1 1 2 1
Switzerland 1 1 - 1 -
FRG 5 4 2 2 1

19 10 13 5 3

Tab. 1

A request for data structures from pertinent groups did only in two

cases include data on the recipient. Dr. Roos and W. Miiller, Homburg,
supplied material on the data structure of the recipient. Therefore

the data structure of the blood recipient s exemplified on the basis

of the data structure used in Heidelberg.

This was supplemented in Pos. 7-9 with concepts from the TRAMIDIS system.

A blood bank receives an order and/or a blood sample belonging to a
single case. The order will be met by assigning one or more blood units
to one. In the latter case there may be none of that type available,
the order resp. sample is held on call, or the sample has been sent

for diagnostic purposes only. The supporting EDP-System has to link

the order to a single case. One case may have many related orders.

Few data suffice for identification of a case. Some additional data

are needed for accounting purposes. Only rarely the account has to be
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divided among several cost carriers. If a hospital EDP is installed

for patient administration, the blood bank subsystem work receive a
subset of the patient data from the host computer.

Upon the suggestion of Prof. STUCKY a small group (A. Kluge, H.G. Wolf,
W.Mannes) provided a compact summary of the relations that have to be
supported by the system:

DEDICATED EDP HOST EDP
/ N/ N

PATIENT DATA FILE

OIIN
PATIENT

1

INDIVIDUAL CASE] 4+M
RECIPIENT )

1..n 1
ASSIGNED
COST CARRIER
l O||N
ORDER
/ * SAMPLE 0..N
0..N
0..1
BLOOD UNIT

FIG. 1 MODEL OF THE RANGE OF RELATIONS
BETWEEN BLOOD RECIPIENT AND ORDER(S)
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Example

Recipient Data Set I/D 'input'/related value
(Remarks)

1. Personal Identification Data

1.1. Birth date I DDMMYY, D.M.YY

1.2. Sex I 'F's'M',"U'=unknown

1.3. Name I

1.4. Birth-name D default: name

1.5. Christian name(s), title(s) D (Tine of free text)

1.6. Sequential number for multiple] I

occurrence of codes for
1.1. - 1.5.
1.7. Id-Number with 1 check digit I automaticly generated from:
- birth date
- birth name (using a dis-
tribution table)

- Sequential number for mul-
tiple occurrence of codes
for 1.1. -~ 1.5,

2. Medical Identification Data

2.1. ABO blood group I '‘A','B','0",'AB", L

2.2. Rh(D) factor I ‘pos','neg',"'.."

2.3. Rh formula D '0' .. '36' (numerical coded)/
1="'CcD.Ee', 36="...... ' (using
amenue card)

2.4. Rh system factor CW D ettt

2.5. Kell-Cellano factors D K-, K-,

2.6. A-subgroup D Al, A2,

2.7. Additional bloodgroup systems

incl. HLA-System D (free text) 1 line characters
3. Transfusion Risk Data
3.1. Antibody . D
- type, - detectability, -
specificity (- quantity)
4. Remarks concerning Recipient’s D up to 3 codes for defined
Physician meaning (using a menue card)

5. Number of Data Modification (1.-4.)

5.1. Sequential number - D N modulo 10

5.2. References: responsible for

D 2 characters

6. Number of bload units assigned to

Recipient

6.1. number of ‘red' units:

6.1.1. "assigned" I

6.1.2. "reserved" I

6.1.3. "delivered" I

6.2. number of 'white' units:

6.2.1. "assigned" 1

6.2.2. "reserved" I

6.2.3. "delivered" I
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Example
Recipient Data Set 1/D "input'/related value
(Remarks)
7. Cost Carrier Data
7.1. Type of medical treatment I Preventive case/ Scientific/
inpatient -/ outpatient
treatment
7.2. Type of cost carrier I insured patient/ private
patient/ self-payment/
consultation
7.2.1. Insurance company D national code
7.2.1.1. State of membership D insured person/ famicy member/
retired person
7.2.1.2. Birth date of the insured
person D
7.2.1.3. Membership number D
7.2.2. Recipient for the bill D in case of self-treatment
7.2.2.1. Name D default: name (1.3.)
7.2.2.2. Christian name(s), title(s)| D
7.2.2.3. Street, number D
7.2.2.4. Postale code, place D
8. Order Data
8.1. Order number I machine-readable (OCR-B
1ight pen)
8.2. Date of sample I
8.3. Adress of referring physician/ | I (code number, using a menue
institution card)
8.3.1. Ward/ physician within
referring institution D 4 characters (free text)
8.4. Confirmation of identity of
sample D no/yes. signed
8.5. Remarks concerning the sample D 'Sample or request form are
follewing'/ .
code, using a menue card)
8.6. Number of modifications of order
data (8.1. - 8.5.)
8.6.1. Sequential number I N modulo 10
8.6.2. Reference: responsible for
last modification | I 2 characters
8.7. Additional order data (not yet implemented)
diagnosis(es)/ therapy/ trans-
fusion indications/ transfusion
reactions/ evaluation
9. Order Set (related units)
9.1. State of sample I key number
9.2. Unit counter I integer
9.3. Unit set D
9.3.1. Unit number (machine readable
9.3.2. Mode of relation assigned/ reserved/ delivered
9.3.3. Date -/ time of relation
9.3.4. Remarks to the relation code
9.3.5. Reference: responsible 2 characters

technician
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Errata

page, line

7,7 temperature of +4%C for at .....

7,9 which is to comply with the requirements by appropriate and ....
8,15 - ER red blood cells/erythrocyte ......

8,16 - TC platelet/thrombocyte .....

9,30 One can imagine that in future it ......
9,31 be treated at cell separators by one .....
11,12 transfusion (see pg. 220).

11,21 and therapy of bleeding disorders (see pg. 239f) are .....

13,4 ratory tests on patient blood samples were carried out .....

57,1 The Laboratory Data System as an Integral Part

154, 1 Editors' comment: Vox Sang. 41:50-55 (1981)
206,8 and donors from the sections of immunochemistry,.....

206,32 to -.95 DM per test in 1979 for laboratory EDP {including forms) and ....
263,1 Blood Recipient Related Data

263,20 cases include data on the recipient. Dr. Roos and W. Miiller, Hamburg,

263,22 the data structure of the blood recipient is exemplified on ....

263,27 or none. In the latter case there may be none of that ...
272, Jansen, A.M.Dr.med., Blutspendedienst der Univ.Kliniken Hugstetter ..

275, Wenzel, E. Prof.Dr.med., Abt. f. Klinische Hamostaseologie ......
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