
DISCUSSION 

M. Mikaelsson, J. Sixma 

p. e. Das (Groningen, NL): Dr. Brozovic and Mr. McShine, you have 
shown a very simple system which is able to detect the platelet volume 
change in response to EDT A. Could you utilize that for routine quality 
control in the production of platelets in a Blood Bank? If so, where 
would you put it: At the stage of whole blood collection or after you 
make your platelet concentrate? 

R.L. McShine (Groningen, NL): I suspect the most appropriate stage to 
do it will be after preparation of platelet concentrate. 

P.e. Das: But that presumes that you have followed a bag of blood, 
which has got a good platelet volume change, that was retained in the 
platelet concentrate stage. Have you done that kind of experiment? 

B. Brozovic (London, UK): If you use the test as a rejection test for 
poor quality product, then you can do it at two different times during 
the storage period. The first one is immediately after preparation, 
where you can set your limits and reject anything which does not meet 
your specification on the basis of the test. The second time to use it, is 
before release. Because of simplicity, that test has a potential to be 
used as a release test. Units of platelets stored over a period of time, 
which show no change in mean platelet volume on addition of EDT A, 
could be discarded because they do not meet the specification. 

S. Stienstra (Nijmegen, NL): Dr. Brozovic, I agree with you that during 
ageing platelets are shrinking. We have done measurements on flow 
cytometry as well and we have seen that while the platelets are shrink
ing they become more spherical and get some activation markers on 
their surface. We have heard that after filtration the platelets have 
lower MPV. Having the yield figures in mind when using the commer
cially available platelet filters, I cannot believe that this lower MPV is 
only a matter of selection by the filters. I think it might be the same ef
fect but more rapid than the ageing effect. Can you give any comment 
on that. 
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B. Brozovic: First of all, I would like to make it absolutely clear that I 
did not say that during storage the platelets are shrinking or swelling. 
What I am saying is that there is a change in the mean platelet volume. 
What kind of changes are going to be registered, depends on the count
ing system which we use. When we use Technicon HI flow cytometry 
counter, we are going to see the decrease in the mean platelet volume, 
which does not mean that the platelet volume is shrinking. When we 
use a Coulter counter or a Sysmex 2000 counter, we see that the mean 
platelet volume is increasing during storage. So, what we are register
ing is the change, which is dependent on the technology of the meas
urement. We have done this with all three machines. 

S. Stienstra: With the flow cytometric technique you are looking at 
side scatter and we have validated this with beads. With the hemato
logical cell counter techniques it is done by electrostatic measure
ments. I can imagine that more roundish platelets have a different 
electro statical way of acting in the measurement chamber. 

I.I. Sixma (Utrecht, NL): Dr. de Wolf, what is the safe level of platelets 
above which one should want to keep one's patients with leukemia. 
What is the level that you would recommend from your reading: Is that 
20 x 109/1 or can we get lower. 

I. Th.M. de Wolf(Groningen, NL): It depends on what your purpose is. 
H you want to prevent any kind of bleeding, you have to stay above 20. 
Studies show that serious bleedings are more frequent when you come 
below 5.0 x 109/1. 

I.J. Sixma: When looking at a study from 1982, one should realize that 
certainly in bone marrow transplantation today cytostatic treatments 
are more severe and certainly give more damage to the gastrointestinal 
tract than was usual in the early 80' s. Platelet levels that might have 
been safe in those days might no longer be so today. On the other hand, 
a policy by which you keep platelets above 20 x 109/1 versus one in 
which you keep platelets above 15 x 109/1 may already mean some 30% 
or 40% increase in platelet concentrate use. 

I. Th.M. de Wolf: Well, we are using in Groningen a level of 10 x 109/1. 
When platelets come below 10 x 109/1 patients will be transfused. But 
the point I think is that there is so few literature on which you can say 
well that is the level. You can theorize about it. There are much more 
antibiotics and more chemotherapy is used. It should be logical that pa
tients are facing bleeding problems much more easily than in the early 
days, but there are no studies available. 
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M. Harvey (Leiden, NL): I like to comment on what Dr. de Wolf said. 
In Leiden we try to substitute at a level of about lOx 109/1, but it really 
depends on the clinical data of the patient. For instance a patient known 
to be a high-risk bleeder, somebody who is infected or has shown de
creasing response over the last few days. I think it is wrong to transfuse 
on a number. 

f.f. Sixma: You are talking from the laboratory side. But in a busy 
clinic you get all these numbers and you have to think in every case: 
"Is this a patient that has at this moment...". Obviously you do that, but 
you need a general policy, a sort of minimum figure. And that might 
be 1 0 x 10911. When we say the patient should not have a platelet count 
below lOx 10911, the residents begin to transfuse when there is a drop 
from 30 to 18 x 109/1. Because they know that the next day the patient 
will be at 6 x 109/1 and they know that their supervisor does not like 
that. So, they already take a higher level anticipating a further drop. 
That is the reality and that determines the amount of platelets trans
fused. For our own unit with 30 bone marrow transplantations a year, 
it meant a 30% increase in platelet concentrate consumption over the 
last year. We now set the limit at 15 x 10911 and platelets should not be 
given, unless there are obvious complications and unless the platelets 
are below that level. I do not yet know how this will work out. 

M. Harvey: If I understand you correctly you have just confirmed what 
I said, you do not treat a number only, you treat a patient. 

f.J. Sixma: We do both; obviously we treat the patient in the first place, 
but then we also have a lower limit below which we do not want to go. 

P. C. Das: Dr. Sintnicolaas, that was an excellent presentation. My 
question relates to ELISA crossmatching where you have used fresh 
platelets versus frozen platelets indicating that frozen platelets missed 
some of the crossmatching problem. But a group in Charleston has 
shown that when crossmatching by FACS technique there are no dif
ferences at all, whether they use fresh or frozen platelets 1 I wonder 
since the FACS cell sorter is now quite common, have you used this in 
parallel and found any difference in your ELISA versus FACS? 

K. Sintnicolaas (Rotterdam, NL): As you said fluorescence measure
ments are very common. We also use the FACScan for antibody detec
tion, but we did not compare the donor selection by F ACScan, because 

1. Lazarchick J, Das PC, Jones TJ, Russell RJ, Hall SA. Utility of frozen pla
telets for a platelet antibody assay using flow cytometric analysis. Diag 
Clin Immunol 1988;5 :338-43. 
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we are doing FACScan on platelet suspensions and it is much more 
time consuming than to do large series of crossmatches. However, we 
recently did some radiolabeling studies with the platelets in the ELISA 
and the first experiments indicate that following cryopreservation, we 
lose platelets from the bottom of the plate. It could thus very well be 
that the platelets retain their antigenic activity, which would be in 
agreement with the flow cytometric data. But in the ELISA the problem 
is that they are washed away from the plate. When we could improve 
the coating of the plates, we might solve the problem. 

J.J. Sixma: Have you ever tried poly-lysine covered trays? 

K. Sintnicolaas: We did try that when we developed the ELISA, but we 
saw the background values going up using poly-lysine. 

J.J. Sixma: Dr. Pflugshaupt, you showed levels of total protein Sand 
free protein S that were in the same range. But the free protein S was 
expressed as a percentage of a mean value, I mean the actual protein S 
that is free is about half of what there is in total, is not that so? I make 
this question for those who are not familiar with it. 

R. Pflugshaupt (Bern, CH): That is correct. 

C.Th. Smit Sibinga (Groningen, NL): Dr. Pflugshaupt, what actually is 
the purpose. Would there for instance be a place for looking into the 
average protein C levels in donors in order to find out what plasma 
might have an effect on factor VIlla inactivation or the stability over 
the further processing in the purification. What are you going to do 
with it. 

Dr. Pflugshaupt: That was not the idea of the study. It is just because 
we have an analytical laboratory for coagulation and thrombosis where 
we do protein C and S analyses. We were not sure on what the level is 
in normal individuals and what their normal range is. It has nothing to 
do with preparation of anything. 

C. Th. Smit Sibinga: Dr. Lindhout pointed out that protein C in its ac
tivated state has an effect on the activity of factor VIII, once activated. 
So, one could imagine that in the present coarse and crude methodo
logy to purify factor VIII from plasma, we might have a beneficial ef
fect from those plasmas in which you have this "neutralizing effect" so 
to speak of protein C in its activated state on the activity of factor VIII. 
I am just postulating an idea. 

J.J. Sixma: I think two years ago Dr. J. Koedam in our laboratory 
showed that you do not have to worry about factor VIII as it is present 
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in plasma, because factor VIII on von Willebrand factor is protected 
against degradation by protein C2 

A. Greinacher (Giessen, FRG): Dr. Sintnicolaas, we worked quite a 
long time on this problem storing platelets prepared for crossmatching. 
We had the same experiences you discussed. So, we came back to a 
method using platelets stored in saline, where Azide was added to. This 
combination worked perfectly well. So, I think this type of ELISA 
technique with saline stored platelets, which do not have any function 
at all, might be a tool for testing for crossmatch activity. 

K. Sintnicolaas: Thank you for this comment. 

M.K. Elias (Groningen, NL): Dr. Brozovic or Mr. McShine, how would 
you explain the more significant increase in mean platelet volume in 
products containing red cells, as you have shown us. How would the 
change in mean platelet volume, or the delta mean platelet volume as 
it says, be used as a quality control test if other factors such as a 
presence or absence of red cells influence this. 

R.L. McShine: Because of the centrifugation process of the whole 
blood, you probably get separation of the platelets in different popula
tions. The population nearest to red cell concentrate would be different 
to the population present in platelet rich plasma. Most of the larger pla
telets are lost in the red cell sediment and these seem to be more sen
sitive to EDTA delta MPV changes compared to smaller platelets in 
platelet rich plasma. 

J.J. Sixma: Mr. McShine, is it possible that there are differences in pH. 
Most platelet rich plasmas tend to be rather alkaline, whereas the red 
blood cell containing blood has a lower pH. Could that influence your 
results? 

R.L. McShine: Possibly! I did not do any pH measurements. 

C. Th. Smit Sibinga: Dr. Barrowcliffe, you quite nicely showed that we 
run slowly into trouble now that we are dealing with much more puri
fied material. Purified in many senses, also according to the definition 
of Prof. Nilsson, which I like very much. There are different contami
nants, different determinants, different matrices. The problem, how
ever, is to obtain from a centre, like yours, appropriate standards to do 
the assays. What is on the horizon? could you tell us whether in the 

2. Koedam JA, Meijers JCM, Sixma JJ, Bouma BN. Inactivation of human 
factor VIII by activated protein C. Cofactor activity of protein S and pro
tective effect of von Willebrand factor. J Clin Invest 1988;82: 1236-43. 
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concept of WHO reference standardization there is something which 
first of all really meets the definition of conventional purity, and sec
ondly whether there is something on the horizon which meets the 
definition of super high purity with completely different matrix. 

T. W. Barrowcliffe (Potters Bar, UK): There are things on the horizon. 
For the conventional products we do not have too much of a problem. 
We can get a good agreement at least in the studies that we have or
ganized. I am not saying that there are no problems at all. But the prob
lems are fairly well identified and resolvable. For the very high purity 
products we have seen that we can reduce the variability if we pay at
tention to some details of the methodology. There are really two 
general approaches to this. One approach would be to propose "like 
versus like", which is predominant. So we perhaps need separate stand
ards for the different types of products, in other words more than one 
factor VIII concentrate standard. We have rather resisted that ap
proach, because it introduces a whole lot more complications. But it 
may be, for instance, that when the recombinant product comes on the 
market, we might have to have a separate recombinant standard. The 
other approach, which I prefer, is to try and find out what are the im
portant things in the assays that contribute towards this variability. Be
cause, after all, if you have a completely specific assay, the contaminants 
should not matter that much. The aim is to try and allow for this by 
specifying the details and methodology which are important like for in
stance the albumin concentration and the method of predilution. Per
haps one could come up with a reference method which people can 
follow and which can be used in a whole lot of different laboratories, 
not just in reference centres. So, there are two approaches; one is the 
possi bility of establishing different standards for the different purity 
products and second is tightening up on the specifications of the meth
odology. 

C. Th. Smit Sibinga: Could I then turn the question to Dr. van den Bes
selaar, because it immediately relates to the methodology of the test
ing. When we deal with these extremely pure materials as for instance 
we have them in our laboratory running off the column, we run into 
trouble with a number of the premises you need for doing a stand
ardized assay. One ofthem is in the substrate plasma, which has a com
pletely different matrix than the superpure material coming out of a 
monoclonal antibody bound column. Secondly the elution buffers also 
do disturb the system. What would you advise to do. 

A.M.H.P. van den Besselaar (Leiden, NL): Well, in fact you dilute your 
buffers in the assay system. So, I would expect that the more you dilute 
them, the less effect you experience of the buffer. The buffers used in 
the one-stage factor VIII clotting assay are usually buffers that do not 
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bind calcium ions. I am not sure what kind of buffers you are using to 
elute your columns! 

K. Koops (Groningen, NL): The buffer we are using contains for in
stance KI and lysin; that is the main part. We found that especially KI 
is interfering in the assays and the albumin which is in the buffer, is 
interfering as well. So, we had a buffer without and with albumin. 
Without albumin we found normal recoveries of the factor VIII. But 
with the albumin in it, we found recoveries of more than 150% (calcu
lated), which was of course not possible, otherwise we were generating 
factor VIII. 

A.M.H.P. van den Besselaar: One possibility would be to add the same 
concentration of your KI to the standards. That would possibly allow 
to avoid the stabilization problems. According to the principle of assay 
"like versus like", the test and standard samples should have similar 
matrix and similar interference with other components. Perhaps you 
could add the same concentration of KI to your standard plasma. 

K. Koops: So, you want to change the matrix of the standard by adding 
some of the buffer components. I do not know what will be the effect. 

A.M.H.P. van den Besselaar: The alternative would be to eliminate the 
interfering components by dialysis or something. 

K. Koops: We have done these experiments by gel filtrating the sam
ples and then looked at the effects of several amounts of KI and al
bumin, but still there are some discrepancies in the assays. 

M. Mikaelsson (Stockholm, S): What type of assay do you use: One
stage or chromogenic assay? 

K. Koops: We use the chromogenic assay. However, the KI especially 
was interfering in the clotting assay. 

A.M.H.P. van den Besselaar: Does it interfere with the chromogenic 
assay? 

K. Koops: No, not in the chromogenic assay, but on the other hand al
bumin is interfering in this assay. 

M. Mikaelsson: I am very surprised, because we do not see that type of 
discrepancy in the chromogenic assay. Do you use the same amount of 
albumin for your standards etc.? 
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K. Koops: Yes, it is the same amount as in the dilution buffers for the 
samples and what is used normany. 

T. W. Barrowcliffe: I think one of the points is that your standard is a 
cryoprecipitate. You have very extreme differences in purity between 
your material and your standard. Whatever the detailed explanation, I 
think probably you need to get away from that kind of situation, prob
ably needing a new standard. 

J. Over (Amsterdam, NL): Dr. Barrowcliffe, looking at your assay for 
activated factor VIII, it is quite obvious that the lag phase in generation 
is decreasing with increasing purity of the factor VIII preparation. Can 
you exclude that contaminants in the preparations are inhibiting Xa 
generation? 

T. W. Barrowcliffe: No, we cannot exclude that completely. But first of 
all, there are three lines of evidence which suggest that (it) is not the 
complete explanation. One is that in some of the intermediate purity 
preparations, there are quite short lag phases, almost as short as one of 
the monoclonal products, even though they have all the contaminants 
of the other intermediate purity including the high von Willebrand fac
tor etc. Another point is the von Willebrand factor, that could be partly 
responsiblefor this because a shortening of the lag phase goes with de
creasing levels of von Willebrand factor. However, we added von Wil
lebrand factor back to one of the monoclonal products and it did not 
make any difference. The third point is that I think in your centre the 
assay of these materials was studied with chromogenic systems. By 
prediluting in hemophilic plasma an increase rather than a decrease in 
the rate of Xa generation was observed. So, in other words adding back, 
if you like, the impurities that are present in hemophilic assay does not 
depress the rate of Xa generation, at least in your assays. 

J. Over: Yes, but that is a completely different system. 

T. W. Barrowcliffe: It is a different system, I agree. But I am not saying 
that it could not be partially responsible. The question is what is acti
vating the factor VIII in this system, because there is no thrombin. If 
we believe that it is necessary for activation of factor VIn to take place 
before you get significant Xa generation to happen, how is it that there 
is extremely rapid Xa generation with recombinant factor VIII in the 
absence of thrombin. 

M. Mikaelsson: Dr. Barrowcliffe, I would like to challenge your inter
pretation of the activated factor VIII. We have used your assay method 
and we have been able to reproduce your results, but our interpretation 
is different. I agree that with an activated factor VIII, you can measure 
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a short Xa generation time. But 1 do not agree with the interpretation 
that a short Xa generation time indicates an activated factor VIII. We 
have performed some experiments where we have added back im
purities and thereby we were able to prolong the lag phase. So, I think 
that if you take your diagrams and add another variant of diagram, 
where you have on one axis the purity of the concentrate, you will also 
be able to show a very nice correlation. 

T. W. Barrowcliffe: Can you say what impurities you find having most 
effect? 

M. Mikaelsson: I think it is von Willebrand factor, but we have not 
done studies enough to be sure, yet. 

C. Th. Smit Sibinga: Prof. Nilsson, I am extremely delighted with the 
information you have provided, that actually among the patients there 
is no difference between the different products used. That is a very im
portant piece of information. The question now comes up, what would 
you prefer now that we find that these concentrates of different 
qualities in terms of manufacturing and purities are available. Which 
one would have your preference? 

I.M. Nilsson: I would anyhow prefer to use the most high purity con
centrates. First, because of safety reasons, as their virus inactivation is 
better. The second reason is the immunodepressive effect which con
taminants can have. After all, if you have factor VIII deficiency, you 
need factor VIII and you do not need all the other proteins. In Sweden 
we now try to use only the superpure concentrates except when we are 
treating patients with von Willebrand's disease. 


