Administrative Reports

Managem¢nt_ Policies for a -R_ég'ifonai Blood Bank

M. A. COHEN AND W'.bP. 'Pn&R‘éKALLA :

 From lhe Depnrlrnent of Decision’ Snenccs. The - Wharton S‘chool Unis versity -of Pennn/r"unin
Phrladelphm, Pennsylvania and the Department of Industrial Engineering and Mmmgmm "
Sctcnces, lehweslem Umversny, szmton, Illinois - . - :

This paper. considers' management ‘strategies I(ji-
the administration of a regional blood bank. The
techniques of management science and mathe-

matical inventory theory are. applied to construct,;

a model for the system, identify policy areas, and
formulate: management ‘objectives. - Two simulation
models and data’ collected from both a regional
and single hospital blood bank are used in fhe

~ analysis. The results presented examine the inter-

"actions and savings associated with following op-
timal ordering, crossmatch, and issuing -policies.
Since each of these policies have an impertant
effect- on thé number- of shortages and outdates,
they therefore influence optimal blood bank man-
agement. In addition, the question of centralized
versus decentralized control is -examined. '

THE PROBLEMs of blood shdrtages and
wastage through outdating pose a major
challenge to blood bank managers. While

it 'is apparent that.the need for more

donated .blood is -great, it must be recog-
nized that maximum efficiency in the man-

. o . . . y i
agement of existing units is also needed.

This paper considers the latter aspect of the
problem by applying the principles of man-
agement science to whole blood mventmy
administration, . :

Our primary interest is with the situation

of a central (regional) blood bank serving a -

number of hospitals. The major responsi-

bility of the central blood bank is to ad-
minister the collection and distribution of
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.policies followed in the other cases.,

blood in its area of jurisdiction in.a manner
~which ensures that all' demands . are met

In addition to this ‘priniary go‘ll the cens

Aral bank is also interested in. mmmnnn;,,_

outdates and emergency shipments, mini-

mizing operating costs. anel m'l'im;lining"
high level of quahty f01 issued units.. Man

These goals are somewhat co: ;Hu ting and
thus u]tlmdtely trade-ofts must be made.

“of these oh]ecuves are also shared hv the
member hospital blood banks.

It is just such trade-oﬁs among-compe nm, )

this paper.

" goals, that form. the, basxs of the analysis in’
Thus, we shall examine

implications of various management control”

policies for the regional bank bised -on the
“indicators commonly used to mecasure the

Many ol the
:lppl}‘ cquidly

blood system's performance.
results presented in this paper
well to a single blood bank.

In general, for a relatively -fixed, supply -

‘of donors, the inventory systemn of whale

blood units may be controlled in. theee
different ways, i.e., by controlling the order.
ing policy, the issuing policy, the
crossmatch policy. Although cach of these
policies interact with one another in ob.

and

ing to see that general policy stutcments

“taining the best performance, it is interest

can be made in each casc regardiess ol the

We
begin with a brief description of these
policy controls, '

. \'uln‘lm‘ 18
Nuniber 1
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Ordering Policy
This policy area is concerned with the
manner in which both donated and emer-
gency. units are obtained. Of specific in-
terest in this paper is the number of units
to order at the beginning of each decision
period (defined by order-up-to inventory
level, S). Questions of donor campaigns,
donor lists, blood plans, and centralized
versus decentralized ordering also fall
-under this heading. These latter topics
will be reported on in a subsequent paper

since they form the basis of a significant.

study in their own right.
Issuing Policies

Here we are concerned with the choice
- (when a choice is possible) of which units
to issue from the uncrossmatched inventory
to satisfy a.particular demand. In most
cases, this decision focuses on the age of the
unit to be issued.. Two well-known issuing
policies are FIFO (First In-First Out) and
LIFO (Last In-First' Out).
have come to mean the policy of issuing the
oldest available unit or theryotm'gest avail-
able wunit, respectively. Issuing policies
-could also include the question of central-
“ized ' versus decentralized control over
issuing. For example, the oldest available
unit may be a unit which has been cross-
matched at a member.bank. for six days and
the -central bank may- not know it js avail-
~ able for reassignment or may not have the
authority to reassign it. In this case, the
central bank mav be forced to issue a unit
which is not the oldest availuble; however,
~we will still call this policy FI¥O it the
central bank issues the oldest available unit
over which it has control.

Craossmatch Policies

In a regional blood bank, it is possible

“10 consider controlling the length of time
an issued-and.untransfused unit can remain

assigned to a particular hospital’s inventory

and thus be- inaccessible to demands at
other locations. Although this sojourn time

These terms
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of a unit at a hospital does not mean the
unit is always on arossmatch at the hospital.
this time period will be referved to as the
crossmatch period and will be denoted by
D days. In a local hospital, where there
can be personal contact between the blood
bank and the physician, such control of
fixed period of D days may not he necessary.
In fact, many hospitals release the units for
other patients after a crossmatch period. of
24 hours or less. At a further level of
complication in" the regional bank, one
should consider using different crossmatch
periods D,, D, etc. for different blood
types. and different size member hospitals.

Changes in operating policy will clearly
have an impact on the total performance of
the regional blood banking system. In view

.of the regional bank’s objectives concerning

shortages, outdates, and costs, we will
measure such performance changes with the
following indicators:

1. The number of units -transfused
- (or, alternatively, the percentage of
demands met).

2. The number of shortages (i.e.,
emergency requests and postponed

' ,Surgery). :

3. The number and percentage of

. outdates. ‘ v

4. The dollar operating cost for the
blood bank (byv attributing prices
to shortages and outdates).

5.. The ‘level of assigned “(cross-
'malched) and unassigned (uncross-
matched) daily

“-average demands and ransfusions,

inventory versus

The level of the indicators can be ex-
pected.to-vary with different policy choices
and combinations of policy choices. The
approach that will be taken here is to dem-
onstrate the response of shortages, outdates,
transfusions, inventory levels, and costs 10
a variety of issuing, crossmatch, wnd order-
ing 'policy combinations.  This response
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Blood Center (September 22 to November 30, 1972)

Number of units present or enter ing the system 2,775
Number of outdates : 237
Number of units transfused . 2272

Number of demands not resulting in
a transfusion . ) 2,384

will be determined with the aid of .two"

simulation models. The first model is a
regional simulation model and was con-
structed 1o examine issuing and crossmatch
policy combinations. The second model is
more extensive and general in terms of data,
policy inputs; and performance indicator
outputs. Ordering policy and - crossmatch
policy interactions are cxamined in the
second model.
both models may be obmmed by wr mng to
the authors. .
Work on modeling blood banks and ex-
amining management policies has been go-
ing on for some time. Other computer
simulation models which deal with order
policies have been described by Elston and
Pickrel* and Jennings® Jennings' model
was the first to difterentiate between un-
assigned inventory and .1sslgned inventory.
A simulation model by Rabinowitz!% exam:

ined double crossmatching and Jennings®

cxtended his previous model to analyze
various transshipment policies for a ve-
gional bank. Bodily' used Jennings' orig-
inal model o dn.ilwe the impact of [rozen
blood.

Hurlburt and Jones’ used a statistical
procedure to quantify the costs ol excessive
crossmatch release times. .In two recent
papers, Yahnke et al.'7- 18 examined certain
aspects ol a regional bank and attempted

to quantity the contribution of crossmatch

policy to system shortages and outdates. A
mathematical model was constructed for the
regional bank which measures the contri-
bution of each member hospital to total
system outdates.!’?” The simulation model

A detailed description of

by measuring the effect of alternative -
dering, issuing and crossmatch
policies. This model forms the basis fu
many of the results soon to be describied.

release

Data

Data for this project and much of the
formation on the structure of the regional bank -
model was made available with the cooperation
of the North Suburban Blood Center of Gien
view, Illinois. North Suburban .is a regional’

blood bank serving the needs of member hospis -~

tals in the Northi Shore area of Chicagor with a4
volume in the fall of 1972 ot about 1,000 unis
per month: Blood enters this. system in the

form of donations -at all locations or in the
form of emergency shipments to the central

bank. Donated blood is, of course, fresh, and
emergency shipments can be of any age. Blood

. s issued to satisfy demands at:the member hos

pitals. Approximately 50 .per cent of all
demands at the member hospitals do not resalt
in a transfusion. The crossmatched units issued
to meet these demands are returned to the un
assigned inventory from which they mav be
reissued to different member hospitals, .

The raw data consisted of records on cach

individual blood unit in the. system. These

records contained information on blood type.
date drawn, date transfused (or outdated) and
the various dates and locations of interim ship-
ments associated with the unit before its final
disposition. Data ‘for all blood types and tm
all member hospitals were collected fm a three-
month period. :
The raw data represent a hmuui picture ol
this particular blood bank's activities. The rules
used in issuing and crossmatching of the blood
were 1ot retrievable from the data. Morcover,
an exact representation of the demands for
hlood made on the system was .not directly avail-
able. It was possible to infer informaton .on.
both demand and supply from the available
data. ‘The resulting estimated supply and de-

"mand data were used in the simulation modeh

of the blood bank inventory system. In this
way, the conclusions of the simulation analysis
are relevant to the general class of regional
blood banks and not just to a particular bank.

A total of 3,152 units was considered. This
number represents the total number ol units
which entered” the blood bhank system  [rom
September 1 to November 30, 1972, Since the



Volume 15
Number 1

blood bank does not keep records of its total
inventory, it was necessary to wait- 21 days
(when all units which had entered previous.to
September 1 had passed through the system) to
accumulate a reading on the initial inventory
of the system. Those units which had already
been transfused prior to September 22 were
then eliminated from consideration. Daily de-
mand and the breakdown between ultimate
“transfusion and return for cach unit demanded
were recorded. Table '1 gives some funher
summary statistics of .the data.

Results

Issuing and Crossmatch Policies

The LIFO and FIFO issuing policies were
considered. in conjunction with crossmatch so-
journ pei"iods, D, of 0 through 7 days at each
member hospital. 1D =0 corresponds to. an in-
ventory -system where all issued units are trans-
fused. D=7 corresponds to a blood bank
where those. crossmatched units which are not
transfused remain in the assigned
for a period of one week. Thus, 16 issuing-
crossmatch policy combinations were considered.
Table 2 contains data which illustrate the re-
sults for the various policies. Figure 1 is a
graph of cumulated outdates versus D for both
FIFO and LIFO. The following observanons
can be madc from A“ of these resulis.

inventory:
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As predicted by the theory of Pierskalla and
Roach,'4 FIFO ‘dominates LIFO in the case
where D = 0. In the simulation, the blood bank
using FIFO was able to meet all demands with
0 outdates and 0 shortages while LIFO results
in 477 outdates for the sample period. As D
increases from zero, the possibility ol having
crossimatched units returned is admitted. Under
FIFO, more outdates are generated and as D be-
comes sufficiently large (D 22 7) the system ex-
periences shortages. It is interesting to note
the sensmvuy of the system. to small changes in
D. An increase in D from one to two days
results (under FIFO).in an approximate 300
per cent increase in the number of outdates.
An increase in D from two to three days results
“in a 200 per cent increase. The rate of increase
is such that by the time D has grown from
1 to 7, outdates have grown from about. 16 o
1881, The number of units. available in the
unassigned inventory decreases as 1) increases
and the assigned inventory increases. At D = 7,
the system begins to experience shortages, since
supply i$ not adequate to meet demands and
outdate requirements over the three-month time
interval.” Simulation runs with values of D
greater than seven were made. However, such
values no longer correspond to a realistic cen-
tralized control blood bank situation and so the
associated results will not he presented.

Blood Inventory Policy Evaluation Runs for Issuing and Crossmatch Policies*

TABLE 2.
. D h T 1 2 3 4 5 6 7

‘FIFO Issuing

Transfused 2972 2272 2272 . 2272 2,272 2,272 2,272 2,242.4

Outdated ) : S0 16,3 58.7 117.0 173.1 202.1 272.1 330.8

Unassigned iuven(ory 503 445.7 364.3 272 1619 121.9 35.9 0

Assigned  inventory 0 - 410 80.0 114.0 168.0 179.0 195 201.8

Total 2775 2775 72775 2,175 2,775 2,775 2,775 2,775

Shortage . o 0 0 e . 0 0 0 0 72.5
LIFO Issuing

Transfused 2,272 2272 22678 22662 22572 29540 22410 22344

Outdated ‘ 477 449.3 428.6 403.6 372.2 366.3 357.5 348.8

Unassigned inventory ' 26 127 0 0 0 0 S0 0

Assigned inventory LN 3| 78.6 105.2 145.6 15-1.7 176.5 201.8

Total - 2775 2775 2,775 2,775 2,775 2,775 2775 2,775

Shortage - S 0 0 10.9 14.8 47.6 46.3 74.6 90.6

* The figures in
(September 22 to November 30).

the table represent blood flow averaged over a number of simulation runs
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Cross-match Release Period D (in days)

Fic. 1. Outdates and crossmatch relecase period for FIFO and LIFO issuing.

Intuitively, a LIFO policy seems inappro-

priate for whole blood since at all times the
system experiences a great number of outdates
and often a large number of shortages. How-
ever, as D grows, a number of interesting phe-
nomena develop. Outdates decrease from 477
to 338.8 units and the number of units trans-
fused decreases from 2,272 to 2,234.4 units. In
addition, shortages increase from 0 to 90.6 units
and the inventory levels change in a manner
analogouns to the FIFO issuing situation. It is

possible to penerate examples with large D
where LIFO dominates FIFO in terms ol the
number of outdates. For our simulated blood
bank, this switch occurs (with the given data)
at a value of D which must be ruled out as
being excessive. Indeed, D = 7 is unreasonable
{or both LIFO and FIFQ, and any central bank
with such little control over the crossmatch time
will face excessive shortages and outdatcs.

Katz and Morsell described a regional blood
bank system with an effective D ol 21 days.
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TABLE 8. Blood Inventory Policy Evaluation Runs for Crossmatch Release Pavameter I Drawn
from a Truncated Normal Distribution with Mean of Four Days*

\ariance of D 0 1

2 -8 4 6 8
FIFO Issuing
Transfused 2272 2272 2,272 2,272 2,272 2,243 2,173
Outdated 165 183 195 223 254 310 350
Unassigned inventory . 170 154 136 - 91 37 0 0
Assigned inventory 168" 166 172 189 212 222 252
Total" oo 2,775 2,775 2797 2715 2775 2775 2,775
" Shortage (VR 0 0 0 0 (A 211
LIFO Issuing
Transfused 2,257 2,255 2,258 . 2245 2,230 2,198 2,153
Outdated B 378 378 367 368 366 369 378
Unassigned inventory 0 0 0 i 0 0 0 .0
Assigned inventory - M0 142 150 162 179 208 . 244
Total . ' 2,775 2775 2,775 . 2075 2,775 2,775 C 2,775
Shortage ) - 43 49 39 68 100 LY 255

* The figures in the table represent simulited blood flow from September 22 to November 30.

A central bank draws blood and ships units o
the member hospitals and little or no inter-
hospital shipments occur. From the point of
view of the central bank, no recycling occurs
and hence D is éssentially 21 days. These
authorsi! note that by changing from a pure
FIFO'policy to an issuing policy. closer to LIFO,
.they decrease outdates. They did not.give data
on the change in shortages.or emergency ship-
ments. Their results are thus entirely- consistent
and, indeed, expected from our simulation
results. o - .
It is apparent that FIFO' dominates LIFO
over a range of D of zero through seven in terms

of all of the performance indicators: outdates,

shortages, and number ol units transfused. We
may conclude, therefore, ‘thit a-combination of
FIFO with a minimal value ol D is most desir-
able. As D is reduced, savings.of 75 per cent to
200 per cent can be realized in outdating and

shortages. A central bank probably cannot re-

duce D to zero, one, or two as is often the case
at a member hospital. If the central bank can-
not obtain a maximal crossmatch release time
D, of four or five days, then the system will be

incurring excessive outdates and a high demand-
for emergency shipments because of the Lirge
increase in shortages.  Furthermore, if the donor

supply is tight, the_ large amount of additional

outdates will put severe strains on the donor

svsten, will lead to a large amount ol emérgency

shipments, and will cause postponement of elec-
tive surgery. '

Centralized versus Decentralized
Regional Control

. -Centralized control is defined to mean that
the crossmatch period D is a constant which is
determined and set by the central bank adminis-
trator. Decentralization. is introduced into the
model in two ways: a) by letting D be large, as
“described by Katz and Morse,1! or b) by treating
D as a random variable. We have already dis-
cussed the first way and have shown that lack of
central control and large D leads to cxcessive
shortages and outdates. The reasoning. behind
the “second concept of  decentralization is us
follows. In.a decentralized blood bank network,
-the central bank administrator sends units to
each local blood hank and the local blood bank
administrator decides when to refease the cross-
matched units which were not needed. The
-crossmatch. release time D at the local bank
looks like a random variable to the central bank
administrator since. the central- bank has very
little control over D and D may vacy {rom unit
“to unit and one local bank to another. A
probability distribution for 1) is-specified and
the mean of the distribution is considered to
be a broad policy guideline for releasing the
unassigned blood back to the central bank. The
variance is considered to be a measure of
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400
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operation) 240 -
160
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1 2 3 4 5 6 7 8
variance of Cross-match Release Period D (with amean of D = 4 days)
Fic. 2. Outdates and crossmatch release period variance for FIFO and LIFO issuing.
decentralization, i.e., the lower the variance formly bad (both outdates and shortages arc

the more the effect of the central administrator’s
influence. The consequences of decentralization
were examined by running the model with a
number of distributions for D. The results are
given in Table 3 and Figure 2.

These results illuminate the costs of decen-
tralization rather clearly. System performance
deteriorates as the variability in D increases,
when a FIFO issuing policy is followed. As the
variance of D increases from zero to eight, the
number of outdates go from a low of 165 at
zero to 310 at the variance equal to six. Further-
more, for variances of six and eight, the number
of units transfused drops. as significant short-
ages begin to appear. The system is rather in-
sensitive to variability in D under LIFO: how-
ever, the system performance for LIFO is uni-

extremely high). The gains achieved by using
a FIFO issuing policy can be wiped out merehy
by the variations in crossmatch release time.
This point is clearly seen by the fact that
decentralized blood banking system with a D
which has a mean of four and a variance ol sin
is just as bad as a centralized system with a D
which has a mean of seven and a variance ol
7ero (see Table 2),

Ordering Policy

In studying optimal -ordering policics, the
issuing policy was restricted to FIFO and the
" crossmatch policy to D = (wo, five, and seven,
Upon specification of a value for S. the daily
order-up-to quantity. the inventory model is
completely described. The optimal order quan
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0. ; +
20 2 24 26

'
L]

-

$ i Il
T T r T

.28 30 32" 34 36 38 40

Order quantity S‘(units of whole blood)

' Fic. 3. Average shortage/outdate costs and order quantity for FIFO issuing $55 unit shortage
cost, $25 unit outdate cost, and a 100-day simulation period.

tity, S*, is defined to be that value of S which

~yields a minimum- daily cost. The costs chosen
were 325 for an outdated unit and $55 for an
emergency (shortage) unit. “These costs are
. arbitrary. but ‘were chosen because studies have

estimated the cost of processing one unit ol

whole blood at about $25 and a unit ol emer-
gency blood at $55. The $55 cost could be an
_emergency -drawing_and/or shipping cost or the
_cost of a frozen unit of packed red cells. In.the
study by Pinson,15 other costs were considered
“and it was shown that the magnitude and shape
of -the. cost curves and the magnitudé of -the
order quantity S* were not greatly influenced
by reasonable changes in costs. Tuble 4 and
Figure 3 presents the results of the simulation
runs which were obtained by using demand data

for a single common blood type from Evanston

. Hospital, a member of the North Suburban

regional bank.  The following two key observa-
tions can be made from these results: 1) -Costs
are far more sensitive to crossmatch policy 1
than they -are .to the order policy. 8. (This is
seen by the fact that the mean cost/day increases
from $7.25 to $36.55 to $51.55 as 1) goes [rom
two to five to seven days); and 2) The cost
minimizing value, §*, is fairly insensitive to the
vilue of D -even though the overall cost level
increases significantly with D. T'his is seen by
the relatively flat (near $*) curves of Figure 3.
The implications of these two observations are
as [ollows! 1) The effect on shortages and out-
dates ol the ordering policy is minimal for §'s
in the |16igl\l>or|100(l of $* when compared with
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Tantr 4. Svstem Performance at Optimal Order - after ordering, S*, .can be computed for a
f y * ' . . X .
Point 3 model where D is zero and all issued units
Crossmatch Release are transfused. As the sensitivity analysis
Period D 2 h 7

¥, opumal order- up to - %0 . . ,09

quantity
Cost/day at S* | 87.25  S36.55 85455
Outdates at S* ' 29 144 216
Shortage at S* 0 1 1
Transfused ay S* - 493 493 493
Average unassigned ' ‘

inventory at-S* L .

(hefore ordering) 23.99 24.87 21.58
Average assigned inventory” A

at §* 18.77 3942 53.29

cithier the issuing or crossmatch policies. The
insensitivity of the §'s in the neighborhood. of
S* (the optimal S) is very important because a
central bank camnot always achiecve S* each
day. Indeed, large drawings of blood through
donor plans often disrupts the central blood
bank policy of achieving $* on a daily basis:
and 2) The optimal order quantity is essen-
tially insensitive to the value of D. This also
is a very important conclusion in the sense that
the blood bank can set $* and then concentrate
inventory management control on reducing D
knowing that S* will not change significantly.

Conclusions -

These observations suggest -the ftollowing
strategy for a regional blood bank. If a
unit is crossmatched and not reported trans-
fused within a short time (D equals two or
three days), further information on the
status of the demand for which the unit
was issued should be obtained.
mand- has disappeared, the unit should be
made available for possible reassignment
cither at the same bank or another hospital
blood bank. In this manner, the crossmatch
release time, D, should be kept as low as
possible. As long as D can be maintained
below seven days, the FIFO issuing policy
should be followed. If D exceeds seven,
LIFO will be somewhat hetter than FIFO
but both policies will have excessive out-
dates and shortages.

The optimal beginning inventory level

If the de-

of this study shows, the use of this §* will
be a very good approximation to the actual
optimal policy for the real situation wherc

D is greater than zero. Research is currently

under way for simple ways to compute 5*-
as-a function of the demand, supply, and
organizational characteristics of the partic:’
ular blood bank. v

The overall approach omlmed in this

paper is contingent on a reasonably efficient

mfmm wion system and an admmxstramv
structure whicly admits some (legree ol cen:
tralized control. Recently, computer tech-
nology has been. applied to the task ol
building an efficierit blood bank informa-

_tion system.2 3.5.6. 10,1213 The. challenge

for implementation of the proposed man-
agement strategy is primarily. administra-

~tive. The need exists since the costs of cven

scemingly minor deviations from this
strategy can be quite high in terms ol blood
shortages and outdates. o
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Announcements

Internauonal Gouetv -on Thrombosis .md Haemostasis

The ")LI\ Longress ol the lnlun.mmnl Souely on Thrombosis and Haemostasis will be

held in Paris from July-21-26,
J P. Soulier is President and Professor J.

1975, at. th(:

Faculté de Droit, 92 rue d Assas.
Cacin is Vice-President and Secretary General.

Professor

" The main topics of the plenary sessions are as follows: pl.ntelets vessel wall interaction,

-hlood coagulation, thrombosis,

. Simultaneous - sessions m)d s\mposm are schululcd every day in (I\c morninn and

ahernoon

The- pmlcnp‘mts wwhmn to present a- paper are invited to send us® .1hslmcts on the

proposed topics:

platelets-vessel wall, coigulation,

thrombosis (clinical and therapeutic

aspects), fibrinolysis, immunohaemostasis, artificial surfaces, and experimental thrombosis.
Unpublished works will be presented; whether in simultaneous sessions or as posters,

Speaking time in simultaneous sessions will be limited to ten minutes. A
one hour with the authors of posters will be held every .ulter'\oon

changed every day. .

The. abstracts should not exceed 200. words.

and for submission of .nl)stmcls is M: ndx 1, 1975.

~ of.the Congress.

- All scientific correspon(len(e ICQ.IH‘IHL‘ the Congress should be sent to Prof. J. 1
Service Central d’Hématologie, Hopital Luriboisicre, 2

Cedex T10.
Jules-Lefebvre, 75009 Paris.

discussion of
The posters will be

Deadline for the reglstr.mon of P.I])Cr\:
English will be the official language

Caen,
rue Ambroise Par¢, 75175 Paris

All administrative correspondence should be sent 1o Congres-Services, | rue





