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Zusammenfassung
Hintergrund: Langfristig werden Engpässe in der Versor­
gung mit Thrombo zyten in Deutschland auf Grund demo­
graphischer Veränderungen antizipiert. Der Anstieg der 
Krebsinzidenz wird zu einem steigenden Bedarf an Throm­
bozytenkonzen traten (TKs) führen, aber potentielle Spender 
werden abnehmen. Pathogeninaktivierung (PI) zielt darauf 
ab, eine Vielzahl infektiöser Agentien einschließlich neu auf­
tretender Pathogene zu inaktivieren, die Haltbarkeitsdauer 
von TKs zu verlängern und die Häufigkeit akuter Transfusi­
onsreaktionen (ATRs) zu reduzieren. In diesem Zusammen­
hang wurden klinische und ökonomische Auswirkungen der 
PI auf Thrombozytentransfusionen untersucht. Methoden: 
Modellberechnungen wurden für 2 Szenarien unter Be rück­
sich tigung verschiedener Produktionssituationen durch­
geführt. Häufigkeiten von ATRs basierten auf Literaturanaly­
sen, Thrombozyten­ und ATR­Kosten auf Istkostenanalysen. 
 Ergebnisse: Die geschätzten Durchschnittskosten für ATRs 
Grad 1 und 2, unabhängig von der Ursache, und Grad 3 
 (allergisch) betrugen 104, 238 und 1200 €. Ungefähr 400 TK­
bezogene ATRs pro 105 Transfusionen können vermieden 
werden; geschätzte Einsparungen betragen 77 000 €. Ein 
Gesamtkostenanstieg von zirka 30–50 € pro PI­behandeltem 
TK wurde errechnet. Schlussfolgerungen: Potentiell spart PI 
Plasma, verlängert die Haltbarkeitsdauer, verringert den 
Ausschluss von Spendern und vermindert ATRs. Modellbe­
rechnungen, die den klinischen und sicherheitsrelevanten 
Nutzen der PI berücksichtigen, zeigen einen ratio nalen Kos­
tenanstieg. Die Bedeutung der PI sollte aus einer gesell­
schaftlichen Perspektive unter Berücksichtigung der zukünf­
tigen Versorgung mit Blut und der Globalisierung 
 infektiöser Erkrankungen weiter untersucht werden.

Keywords
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Summary
Background: Future shortages in platelet supply are ex­
pected in Germany due to demographic changes. A rising 
cancer incidence will lead to an increasing demand for 
platelet concentrates (PCs) while the number of potential 
donors will decrease. Pathogen inactivation (PI) aims to 
 inactivate various infectious agents including emerging 
pathogens to extend the shelf­life of PCs and reduce the 
 frequency of acute transfusion reactions (ATRs). In this 
 context, the clinical and economic impact of PI on platelet 
transfusion was evaluated. Material and Methods: Model 
calculations were conducted for 2 scenarios considering 
 different production settings. Frequencies of ATRs were 
based on literature analyses, platelet and ATR costs on cost 
analyses. Results: The estimated average costs for ATRs of 
grade 1 and 2, irrespective of origin, and grade 3 (allergic) 
were € 104, € 238, and € 1,200, respectively. Approximately 
400 PC­related ATRs per 105 transfusions can be avoided, 
with estimated savings amounting to € 77,000. The total 
cost  increase was calculated to approximately € 30–50 per 
PI­treated PC. Conclusion: PI potentially saves plasma, 
 prolongs shelf­life, decreases donor deferral, and reduces 
ATRs. Model calculations considering clinical and safety 
benefits of PI show a rational cost increase. The impact  
of PI should be further evaluated from a societal perspective 
regarding future blood supply and infectious disease 
 globalization.

*These�authors�contributed�equally�to�this�study.
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well� �described� changes� in� morphology� and� biochemistry�
known�as�platelet�storage�lesions�explains�why�fresh�platelets�
are�more�effective�[6,�7].�Further,�platelet�products�for�trans-
fusion� are� stored� at� room� temperature� in� plasma� or� plasma�
with� additive� solution� under� constant� agitation,� which� can�
promote�bacterial�growth�[2,�6].

Risks of Platelet Transfusion

The�known�clinical�risks�of�platelet�transfusions�include�infec-
tious� complications,� immunologic� events,� and� bacterial� con-
tamination� [2,� 6,� 8].� Despite� thorough� donor� screening� and�
extensive�laboratory�testing,�the�risk�of�the�‘window�period�of�
infection’� remains.� Emerging� pathogens,� which� might� be�
transmitted�by�platelets,�are�an�additional�risk�and�can�lead�to�
considerable�shortages�in�blood�supply.�Present�examples�for�
pathogens�transmissible�by�blood�transfusions�requiring�addi-
tional�safety�measures�are�the�West�Nile�virus�(WNV),�severe�
acute� respiratory� syndrome� (SARS)� virus,� Dengue� virus,�
Chikungunya� virus,� and� the� parasites� Trypanosoma cruzi 
(Chagas� disease),� Plasmodium falciparum� (malaria)� and�

Introduction

Platelet�transfusions�are�essential�to�prevent�and�treat�bleed-
ing� in� thrombocytopenic,� immunosuppressed� patients� with�
cancer,� haematological� malignancies,� bone� marrow� failure,�
and�after�haematopoietic�stem�cell�or�bone�marrow�transplan-
tation.�The�risk�of�bleeding�depends�not�only�on�the�platelet�
count,� but� also� on� the� underlying� disease,� recent� haemor-
rhage,� pre-medication� potentially� influencing� platelet� func-
tion,�complications�such�as�sepsis,�uraemia,�anaemia,�necrosis�
in� tumour� tissue,� and� defects� in� coagulation� function� [1,� 2].�
The�usual�platelet�doses�have�been�in�the�range�of�3–6�×�1011�
[3].� A� recent� large� randomized� trial� in� haemato-oncological�
patients�(PLADO�trial,�Prophylactic�Platelet�Dose�on�Trans-
fusion�Outcomes)�has�shown�that�variations�in�platelet�doses�
between�1.1�×�1011�and�4.4�×�1011�platelets/m2�given�in�prophy-
lactic�platelet�transfusions�are�equivalent�in�the�prevention�of�
bleeding�[3].�Factors�which�can�improve�platelet�responses�are�
the�use�of�ABO-compatible�platelets,� fresh�platelets� (stored�
for�48�h�or�less),�and�administration�of�large�doses�of�platelets�
[4].�Platelets�in�the�normal�circulation�have�a�mean�life�span�
of�7–10�days�only�[5,�6].�The�fact�that�storing�platelets�causes�

Table 1.�Haemovigilance�data�regarding�platelet�transfusions�

France�[41] Germany�[18] United�Kingdom�[42]

Platelet�concentrates�(PCs)�in�2011,�n�(%)
Issues�of�APC 150,365�(51.4) 347,582�(39.4)�(manufactured)
Issues�of�PPC 142,281�(48.6) 226,202�(60.6)�(manufactured)
Total�issues 292,646�(100) 520,077�(100) 301,628
Issues�per�1,000�population 4.5 6.4 4.8

Population�in�2011�[43],�n 65.0�×�106 81.8�×�106 62.5�×�106

Severe�PC�transfusion-related�complications,�n France�2011�[41] Germany�2010�[15] UK�2011�[42]
Acute�transfusion�reactions�(ATRs)

Total 620 – 145
Grade�1 560 0 –
Grade�2 54 18 –
Grade�3 6 13 –
Grade�4 – 1 –

Reported�ATRs�per�100,000�PCs
Total 211.6 3.0 48.2
Grade�1 191.1 – –
Grade�2 18.4 – –
Grade�3 2.0 – –

FNHTR
Total 238 3 41a

Per�100,000�PCs 81.2
TRALI

Total 7 0 0
Grade�3–4 1
Per�100,000�PCs 2.4

TTBI
Total 3 2 0
Grade�3–4 2
Per�100,000�PCs 1.0

TTVI�(HBV,�HCV,�HIV) – 1�(HBV) 0
Haemolytic�transfusion�reaction 0 2 1

Deaths�by�PC�transfusion-related�complications,�n
TTBI 1 0 0
TRALI 0 0 0
ATR 0 0 0

aIncluded�in�the�total�of�145�ATRs.
APC�=�Apheresis�platelet�concentrates;�PPC�=�pooled�platelet�concentrates;�FNHTR�=�febrile�non-haemolytic�transfusion�reactions;��
TRALI�=�transfusion-related�acute�lung�injury;�TTBI�=�transfusion-transmitted�bacterial�infection;�TTVI�=�transfusion-related�viral�infection.
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Babesia�spp.�(babesiosis)�[9–11].�Table�1�gives�an�overview�of�
the� haemovigilance� data� of� 3� European� countries� derived�
from� the� literature.� There� are� considerable� variations� in� re-
ported� incidence� rates� of� adverse� events� between� countries�
(table�1).�Platelet�concentrates�(PCs)�carry�the�highest�risk�of�
bacterial�contamination�compared�to�all�other�blood�compo-
nents� [6,� 9,� 12,� 13].� Transfusion� transmitted� bacterial� infec-
tions�(TTBIs)�caused�by�PCs�were�reported�with�a�frequency�
of�9.57�TTBIs�per�106� transfused�units� from�1997� to�2008� in�
Germany�[14].�German�haemovigilance�data�have�shown�that�
6�PCs,�which�caused�fatal� infections�between�1997�and�2009,�
had�reached�the�end�of�their�storage�life�by�the�time�of�trans-
fusion.�All�fatal�infections�occurred�in�haematology/oncology�
patients� [14].� To� reduce� life-threatening� septic� transfusion�
�reactions�caused�by�bacterial�contaminations,�the�shelf-life�of�
PCs�in�Germany�was�restricted�to�4�×�24�h�from�midnight�of�
the�day�of�collection�[12].�In�2009�and�2010,�reported�frequen-
cies� of� TTBIs� were� reduced� to� 4.51� and� 4.25� TTBIs� per� 106�
transfused�units,�respectively�[15].

Platelet Demand and Supply

From� a� long-term� perspective� in� Germany,� shortages� in� the�
supply�of�platelets�are�expected�due�to�demographic�changes�
[16,� 17].� Platelet� consumption� has� increased� continuously�
�between�2004�and�2011�by�37.3%�in�total�[18].�A�decrease�in�
the� number� of� potential� donors� (<� 65� years� of� age)� will� be�
�accompanied� by� an� increase� in� �elderly� patients� requiring�
transfusions� [16,� 17,� 19].� Furthermore,� from� 2007� to� 2050,��
a�rise�in�cancer�incidence�by�27%�has�been�predicted�for�Ger-
many� [16].� The� increase� in� cancer� patients� will� increase� the�
number�of�PCs�needed.�Investigations� into�the�demographic�

changes�in�2�different�regions�of�Germany�revealed�dramatic�
consequences�for�future�blood�supply�[17,�20].�In�North-East-
ern� Mecklenburg� Pomerania,� the� demand� for� in-hospital�
blood�transfusions�will� increase�by�approximately�25%�from�
2005�to�2020;�simultaneously�blood�donations�will�decrease�by�
approximately� 27%.� This� adds� up� to� a� predicted� deficit� of�
47%�for�in-hospital�patients�[20].�In�Southern�Baden-Wuert-
temberg,�blood�product�consumption�for�patients�treated�in�a�
tertiary�care�centre�and�in�primary�care�centres�is�expected�to�
increase�from�2008�to�2030�by�more�than�10%�and�up�to�30%,�
respectively.�In�parallel,�the�amount�of�blood�units�donated�in�
2030�is�predicted�to�decrease�by�11%�compared�to�2007�[17].�
These�investigations�were�carried�out�on�red�cells�only,�but�it�
has�to�be�expected�that�these��developments�will�be�even�more�
distinet�in�platelets�[17].

Pathogen Inactivation/Reduction Technologies for PCs

Currently,� pathogen� inactivation/reduction� technologies�
(PRTs)� for� PCs� comprise� 3� methods:� pathogen� inactivation�
(PI)� with� the� Intercept� Blood� System™� (IBS)� consisting� of�
treatment� with� amotosalen� and� ultraviolet� (UV)� A� light�
(Cerus� Corporation,� Concord,� CA,� USA),� the� Mirasol®�
�technology� utilizing� riboflavin� and� irradiation� with� UVB��
and� UVC� light� (Terumo� BCT,� Lakewood,� CO,� USA),� and��
the� Theraflex� UV™� procedure� using� irradiation� with� UVC�
light� alone� (MacoPharma,� Mouvaux,� France)� [7,� 11].� For��
the� Mirasol� method,� platelets� are� suspended� in� plasma� or��
a� combination� of� plasma� and� additive� solution� (SSP+,��
MacoPharma),�and�treated�by�the�addition�of�riboflavin�(vita-
min�B2)�and��subsequent�exposure�to�UVB�and�UVC�light�of�
265–370�nm�delivering�a�dose�of�6.2�Joules/cm2�for�10�min�ap-

Table 2.�Benefits�and�drawbacks�of�pathogen�inactivation/reduction�technologies�(PRTs)�regarding�platelets�[7,�10,�11,�22,�23,�25,�27,�38,�44]

Benefits Drawbacks

Elimination�of�‘window�period’�infections Reduction�of�in�vivo�recovery�and�survival�of�platelets�in�normal�subjects�
by�14–25%�and�by�20–27%,�respectively

No�development�of�new�tests�necessary�in�case�of�re-emerging/�
emerging�viruses

Decreases�in�1�h�and�24�h�corrected�count�increment�by�approximately��
12–20%

Extensive�elimination�of�bacterial�infections�and�sepsis�associated��
to�transfusion�of�platelet�concentrates

Possible�requirement�of�a�proportionately�larger�number�of�platelet��
transfusions

Omission�of�optional�bacterial�testing Possible�decreased�number�of�days�to�the�next�transfusion

Omission�of�gamma�irradiation Prolongation�of�the�platelet�production�process

Replacement�of�CMV�screening Possible�toxic�effects�of�residual�chemical�compounds

Possibility�to�use�less�stringent�donor�deferral�criteria�without��
reduction�of�safety

Increase�in�platelet�storage�lesions

Paramount�option�during�interruption�of�testing�for�transmissible��
diseases�in�case�of�a�pandemic�or�another�public�health�emergency

Cost�increase

Prolongation�of�storage�time�from�4�to�5�days�(valid�for�Germany,��
confirmed�by�the�PEI)

Reduced�rate�of�ATRs

Reduction�of�alloimmunization�to�leucocyte-borne�antigens�and��
probable�prevention�of�TA-GVHD

CMV�=�Cytomegalovirus;�PEI�=�Paul-Ehrlich-Institute;�ATR�=�acute�transfusion�reaction;�TA-GVHD�=�transfusion�associated�graft-versus-host�disease.
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proximately.�Illumination�leads�to�photo-oxidative�damage�of�
nucleic�acids�by�generation�of�oxygen�radicals�[7,�11].�Similar�
to�other�PRTs,�negative�effects�on�platelet�function�have�been�
described�for�both�UVB�and�UVC�light�used� in�the�Mirasol�
and� Theraflex� UV� technology� [21].� With� IBS,� platelets� are�
suspended� in� approximately� 65%� additive� solution� (Inter-
Sol™,�Fenwal�Inc.,�Lake�Zurich,�IL,�USA,�or�SSP+)�and�35%�
plasma�before�amotosalen,�a�synthetic�psoralen�compound,�is�
added.�Thereafter,�3�Joules/cm2�UVA�light�(320–400�nm)�are�
delivered� for� approximately� 5� min� resulting� in� irreversible�
cross-linking�of�nucleic�acids�and�inhibition�of�replication�and�
transcription� of� any� DNA� or� RNA.� Un-reacted� amotosalen�
and�photoproducts�are�removed�by�adsorption�to�a�compound�
adsorption�device�(CAD)�for�at�least�4�h�and�up�to�16�h.�With�
IBS-treated� platelets,� the� remaining� risk� of� TTBI� is� almost�
negligible,� the�frequency�of�ATRs�can�be�reduced,�and�con-
comitantly� the� shelf-life� of� PCs� can� be� prolonged� from� 4� to��
5�days�resulting�in�wastage�rate�reduction�[22].�While�the�IBS�
method� has� been� shown� to� inactivate� the� broadest� range� of�
viruses,�bacteria,�and�protozoa�of�all�the�described�technolo-
gies�to�levels�below�those�likely�to�transmit�infection,�none�of�
the�methods�can�inactivate�prions�due�to�their�lack�of�nucleic�
acids� [11,� 23,� 24].� Table� 2� gives� an� overview� of� the� benefits�
and�drawbacks�of�PRTs.

Clinical and Economic Aspects of PI: Model Calculations

The�major�part�of�PCs�transfused�at�the�University�Hospital�
of�Munich�comes�from�its�own�production�of�apheresis�plate-
lets�at�the�Department�of�Transfusion�Medicine.�Over�60%�of�
released� PCs� are� used� by� the� Department� of� Haematology/
Oncology.�Therefore,�possible�clinical�and�economic�aspects�
of�PI�were�analysed� from�the�perspective�of�a�haematology/
oncology� department� to� estimate� benefits� and� costs� on� the�
basis� of� model� calculations.� Since� in-house� production� of�

platelets� is� not� a� common� approach� for� German� hospitals,��
2� scenarios� were� calculated� considering� organisational� and�
structural�differences.�One�scenario� takes� into�consideration�
possible�savings�by�elimination�of�tests�and�gamma�irradiation�
and� plasma� saved� when� using� the� IBS� procedure,� the� other�
scenario�does�not.

Methods

Model�calculations�can�be�used�when�study�data�on�a�method�are�limited�
or�missing,�to�give�an�estimate�on�benefits�and�costs�to�be�expected,�and�
to�encourage�further�research.�The�model�calculations�were�based�on�IBS�
treatment� of� PCs� because� this� method� is� to� date� the� most� thoroughly�
studied�and�most�widely�used�in�various�countries.�In�Germany,�it�is�the�
only� PRT� technology� for� PCs� approved� by� the� Paul-Ehrlich-Institute�
(PEI)�[22].�

Model Input: Clinical Outcome and Associated Costs
Experience�has�shown�that�clinical�benefits�after�introduction�of�IBS�are�
the�reduction�of�allergic-type�ATRs�and�the�prevention�of�ATRs�caused�
by� bacteria� in� PCs� [10,� 25].� So� far� no� German� studies� are� available� on�
ATR�rates�subsequent�to�transfusion�of�IBS-treated�platelets.�This�data�
was�derived�from�a�French�study�comprising�mainly�haematology/oncol-
ogy�patients.�Without�IBS�5.3�%�and�with�IBS�1.4�%�ATRs�were�reported�
[25].� To� determine� treatment� costs� of� the� clinical� symptoms� of� ATRs,�
these�possible�reactions�were�allocated�to�grade�1–3�reactions�according�
to� the� WHO� (grade� 1:� absence� of� immediate� or� long-term� vital� threat;�
grade� 2:� long-term� morbidity;� grade� 3:� immediate� vital� threat;� grade� 4:�
death�of�the�patient)�[25,�26].�In�addition,�for�reactions�of�grade�2�and�3��
a�differentiation�was�made�between�allergic�and�bacterial�cause�to��capture�
the�reduction�of�allergic�reactions�and�the�complete�avoidance�of�bacte-
rial�reactions�by�PI�technology.�To�consider�the�impact�of�IBS�on�the�fre-
quency�of�ATRs�of�different�degrees�in�haematology/oncology�patients,�
data�from�2�published�studies�were�used�[25,�27].�Treatment�patterns�and�
the�respective�costs�for�grade�1�ATRs,�grade�2/3�ATRs�of�allergic�type,�
and�grade�2�ATRs�of�bacterial�type�were�calculated�assuming�work�load�
and�drug�costs�based�on�the�clinical�expertise�of�2�experts�from�the�De-
partment� of� Haematology/Oncology.� Costing� was� based� on� costs� and�
prices�of�the�University�Hospital�of�Munich.�Costs�for�sepsis,�that�is�grade�
3�bacterial�ATR,�were�derived�from�the�literature�[28].�Costs�of�grade�1�
ATRs�were�determined�on�the�basis�of�symptomatic�treatment�for�urti-

Table 3.�Cost�of�acute�transfusion�reactions�(ATRs)�of�allergic�and�bacterial�origin�(for�grade�1�ATRs�frequency�of�symptoms�related�to�platelet�trans-
fusions�from�the�publication�of�Osselaer�et�al.�[27]�were�used)

Grade�of�ATR Major�symptoms Treatment�
costs

Average�costs

related�symptoms�
(due�to�similar�treatment�costs)

frequencies�of�
symptoms�[27],�%

average weighted�costs�by�frequency��
of�symptom

Grade�1 €������104
Symptom�groups

Chills chills,�hypotension,�flushing 44 €��������30.00 €�13.2
Fever fever,�dyspnoea,�nausea/vomiting 28 €������252.24 €�70.6
Urticaria urticaria,�rash,�itching 28 €��������70.60 €�19.8

Grade�2�
����������������allergic

�
urticaria�with�itching,�hypotension,��
dyspnoea,�bronchospasm

€������162.47
€������238a

����������������bacterial fever�>�40oC,�hypotension,�dyspnoea €������314.11

Grade�3�allergic anaphylaxis�and/or�shock €���1,200.00 €���1,200

Grade�3�bacterial sepsis €�21,984.00b
€�21,984b

aMean�value�of�allergic�and�bacterial�reaction.
bCosts�of�ATRs�of�allergic�and�bacterial�origin�were�calculated�using�treatment�costs�from�the�University�of�Munich�except�costs�of�bacterial�sepsis,�
which�were�taken�from�the�literature�[28].
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€� 50.85� per� IBS-treated� PC� if� savings� by� omission� of� CMV�
and�syphilis�testing,�reduction�of�ATRs,�and�the�plasma�saved�
�during� the� procedure� are� not� considered� in� the� calculation.��
In�this�conservative�estimation,�the�cost�increase�would�reach�
up�to�18%�per�IBS-treated�PC�compared�to�a�gamma-irradi-
ated�PC.�

Discussion

The�calculated�cost�increase�of�approximately�€�30–50�per�PI-
treated�PC�is�associated�with�patient-related�clinical�benefits.�
A�cost�increase�of�€�50�per�PC�lies�in�between�the�estimated�
additional�costs�from�cost�effectiveness�analyses�for�PI�in�vari-
ous�countries� [29–31].�These�models� refer� to�known�risks�of�
bacterial�and�viral�infections�and�the�respective�disease�conse-
quences�or�to�potential�infectious�risks�of�re-/emerging�patho-
gens�transmissible�by�PCs,�which�would�all�be�avoided�by�PI.�
In�the�context�of�costs�for�other�accepted�blood�safety�inter-
ventions� in� the� developed� world,� PI� for� PCs� appears� to� be�
cost-effective�to�most�authors�[29–31].

The�perspective�of�PC�transfusion�for�haematology/oncol-
ogy�patients�was� chosen�because� this�patient�group� receives�
the� majority� of� PCs� produced� at� the� University� Hospital� of�
Munich.�Reported�frequencies�of�ATRs�from�haemovigilance�
data�of�various�countries�are�quite�different,�but�the�few�clini-
cal� studies� available� suggest� considerably� higher� rates� of�
ATRs� [25,� 32].� Critically� ill� haematology/oncology� patients�
are�especially�susceptible�to�severe�infections�due�to�bacterial�
contamination�[14].�The�demand�of�PCs�for�this�patient�group�
will� increase� in� the� future,�whereas� supply�will�be� short� [16,�
17].�Therefore,�optimal�use�of�blood�components�is�of�major�
importance.�National�and�European�Union�initiatives�aim�to�
achieve�this�goal�by�introduction�of�various�measures�such�as�
benchmarking� and� patient� blood� management� to� avoid� in-
appropriate� transfusions� and� wastage� [33].� PI� could� poten-
tially�add�to�these�measures�by�saving�of�plasma,�prolongation�
of� shelf-life,� decrease� of� donor� deferral,� and� reduction� of�
ATRs.

caria�with�itching,�chills,�and�fever�lasting�<�24�h.�To�obtain�the�average�
cost�of�a�single�grade�1�ATR,�the�frequency�of�symptoms�was�taken�from�
the� study� of� Osselaer� et� al.� [27],� in� which� the� authors� report� on� the�
�frequency�of�symptoms�related�to�platelet�transfusion�reactions�[27].

Model Input: Platelet Costs
The�cost�of�a�single�apheresis�PC�produced�at�the�University�Hospital�of�
Munich�is�€�284.�Costs�for�IBS�material�and�use�of�equipment�for�2�PCs�
amount� to�€� 152� (including� value� added� tax� (VAT);� official� list� price)�
(Cerus�Europe�B.V.,�MH�Amersfoort,�The�Netherlands).�Costs�that�can�
be�omitted�by�using�IBS�during�in-house�production�of�PCs�are�the�costs�
of�gamma�irradiation�and�tests�for�cytomegalovirus�(CMV)�and�syphilis�
of�donors.�Acquisition�costs�for�gamma�irradiation�of�1�conventional�PC�
are�€�25,�costs�for�CMV�and�syphilis�testing�are�€�2.19�and�€�4.07,�respec-
tively�(acquisition�costs,�staff�costs).�During�the�IBS�procedure,�400�ml�of�
plasma� can� be� saved� per� 2� apheresis� PCs� corresponding� to� an� average�
value�of�€�32.

Results

Costs�of�ATRs�of�allergic�and�bacterial�origin�are�summarized�
in� table� 3.� Model� calculations� allow� to� determine� estimated�
savings� by� reduction� of� ATRs� using� IBS-treated� platelets.�
Using� the� frequency� and� costs� of� ATRs� per� 105� PCs� trans-
fused�results�in�estimated�savings�of�€�77,000�per�105�platelet�
transfusions� (table� 4).� Approximately� 400� PC-related� reac-
tions�per�105�transfusions�can�be�avoided,�resulting�in�benefits�
for�the�patients�and�a�saving�in�staff�working�time.

Transfusions� of� PCs� causing� ATRs� usually� have� to� be�
stopped� and� the� PC� discarded.� The� only� exception� is� mild�
ATRs�grade�1�with�symptoms�of�chills,�hypotension,�or�flush-
ing,�where�the�transfusion�often�can�be�continued.�Therefore,�
without� IBS� treatment,� the� transfusion� of� 263� PCs� with� a�
value�of�approximately�€�74,625�has�to�be�interrupted�and�will�
not�be�clinically�effective.

Calculating�with�the�model�input�data�costs�of�PCs,�labora-
tory�costs,�and�savings�by�reduction�of�ATRs�results�in�an�ad-
ditional�cost�of�€�30.2�per�IBS-treated�apheresis�PC�produced�
at� the� University� Hospital� of� Munich.� This� means� an� esti-
mated� cost� increase� of� approximately� 11%� per� IBS-treated�
PC�compared�to�a�gamma-irradiated�PC.�A�most�conservative�
estimation� of� the� expected� cost� increase� results� in� up� to��

Table 4.�Cost�of�acute�transfusion�reactions�(ATRs)�per�105�platelet�transfusions�without�and�with�the�Intercept�Blood�System™�(IBS)�(total�numbers�
of�ATRs�after�platelet�transfusions�with�platelet�concentrates�without�or�with�IBS�as�well�as�frequencies�of�grade�1/2�ATRs�were�derived�from�the�
French�study�of�Cazenave�et�al.� [25];� frequencies�of�grade�3�ATRs�are�German�haemovigilance�data�published�by�Funk�et�al.� [45];�numbers�were�
�extrapolated�to�ATRs�per�105�platelet�transfusions;�adding�up�the�numbers�of�ATRs�of�grade�1–3�results�in�less�than�the�total�number�of�ATRs�in�105�
platelet�transfusions�with�the�difference�accounting�for�transfusion�reactions�not�influenced�by�pathogen�inactivation,�such�as�volume�overload)

Without�IBS With�IBS

Total�ATRs�in�105�platelet�transfusions�[25],�n 530 140

ATRs,�n cost�of�ATRs ATRs,�n cost�of�ATRs

Degree�and�frequency�of�ATRs�in�105�platelet�transfusions
61%�grade�1�ATRs�[25] 323 €�33,592 85 €�� 8,840
33%�grade�2�ATRs�[25] 175 €�41,650 46 €�10,948
1�allergic�grade�3�ATR�[45] � � 1 €�� 1,200 � 1 €�� 1,200
1�septic�grade�3�ATR�[45] � � 1 €�21,984 – –

Total�costs�of�ATRs�of�allergic�and�bacterial�origin�in�105�platelet�transfusions €�98,426 €�20,988
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Despite� the� high� safety� standard� achieved� in� the� past� for�
blood� products,� bacterial� contamination� of� PCs� potentially�
leading�to�bacterial�sepsis�remains�a�relevant�residual�risk�[6,�
9,�13,�15].�The�implementation�of�routine�bacterial�detection�
methods� to� screen� platelets� for� bacterial� contamination� can�
further� reduce� but� not� completely� eliminate� the� risk� of� PC-
transmitted�bacterial�infection�[34].�Bacterial�detection�assays�
only�detect�less�than�40%�of�contaminated�products�[35,�36].�
Therefore,� comprehensive� protection� from� bacterial� infec-
tions� including�fatal�sepsis� transmitted�by�contaminated�PCs�
remains�the�major�reason�for�implementation�of�PI.�

The� potential� of� the� PI� technique� with� IBS� as� a� tool� to�
�ensure�safe�blood�supply�in�the�case�of�sudden�epidemics�has�
already�been�demonstrated�on�the�occasion�of�an�outbreak�of�
the� Chikungunya� virus� in� an� overseas� French� department�
[10].�Implementation�of�PI�in�various�countries�is�in�progress�
[37].� Centres� in� Sweden,� Belgium� and� Spain� using� the� IBS�
technology�are�no�longer�performing�routine�gamma�irradia-
tion� treatment.� The� safety� and� efficacy� of� IBS-treated� PCs�
and�omission�of�gamma�irradiation�and�CMV�screening�was�
also�demonstrated�in�a�German�single-arm�study�with�throm-
bocytopenic�haematology�patients�[38].�Avoidance�of�gamma�
irradiation�would�improve�the�quality�of�PCs�and�the�logistics�
of�platelet�inventory.�

Limitations�of�our�model�calculations�are�the�lack�of�Ger-
man�data�concerning�the�avoidance�of�ATRs�in�a�population�
of�haematology/oncology�patients�by�use�of�IBS-treated�PCs�
compared�to�untreated,�gamma-irradiated�PCs,�and�the�esti-
mation�of�costs�of�ATRs�by�a� limited�number�of�clinical�ex-
perts.�Further�limitations�are:�lack�of�German�data�investigat-
ing� staff� working� time� when� using� the� IBS� procedure;� and��
lack�of�data�concerning�changes�in�wastage�rates�by�prolonga-
tion�of�shelf-life�from�4�to�5�days�and�by�prolongation�of�the�
pro�duction�time�for�PCs�when�using�the�IBS�procedure.�Due�
to� the� lack� of� reliable� data,� 2� model� assumptions� had� to� be�
made.� Labour� costs� for� the� production� of� PCs� could� not� be�
con�sidered� since� no� German� data� on� staff� working� time� for�
procedures�like�testing�of�blood�products�and�conducting�the�
IBS�procedure�have�been�published.�Wastage�rates�were�not�
�considered� because� they� seem� to� be� influenced� by� various�
�parameters� like� ineffective� platelet� inventory� management,�
imbalances�in�the�production�supply�chain,�and�outdating�[39].�

According�to�PEI�data�from�2011,�wastage�of�PCs�at�the�pro-
ducer�level�was�9.36%,�5.25%�for�apheresis�PCs,�and�15.67%�
for�pooled�PCs.�Wastage�rates�at�the�consumer�level�were�on�
average�5.63%� in� those� facilities� that� reported�wastage� [18].�
No�published�German�data�are�available�evaluating�the�influ-
ence�of�IBS�treatment�of�PCs�and�of�the�extension�of�the�PC�
shelf-life�from�4�to�5�days�on�wastage�rates.�However,�assum-
ing�a�mean�wastage�rate�of�12%�in�German�centres�producing�
apheresis�platelets�(Junicon®,�2009,�personal�communication)�
the�average�wastage�rate�would�drop�by�approximately�2–5%�
because� of� the� pro�longation� of� shelf-life� by� 1� day� accompa-
nied� by� savings� accordingly.� This� estimation� is,� however,�
based�on�Belgian�data�[29].

In�conclusion,�PI�seems�to�be�an�important�option�for�hae-
matology/oncology� patients� to� almost� eliminate� PC-related�
septic� transfusion� reactions,� to� reduce� PC-related� allergic�
transfusion� reactions� according� to� literature-derived� clinical�
data,� and� to� prevent� the� distribution� of� re-/emerging� patho-
gens�in�the�future.�The�total�costs�of�implementing�pathogen-
inactivated�PCs�in�Germany�would�amount�to�approximately�
€�26�million�ignoring�any�possible�savings�and�potential�bene-
fits.� This� number� can� only� be� interpreted� in� comparison� to�
other�treatment�expenditures.�For�example,�in�2011�costs�for��
3� tumour� necrosis� factor� (TNF)-alpha� inhibitors� (adalimu-
mab,�etanacerpt,�infliximab)�amounted�to�a�total�of�€�1.04�bil-
lion� [40].�Complete� transparency�can�only�be�provided�once�
study�data�on�clinical�benefits�and�resource�consumption�are�
available�in�defined�patient�populations.�The�societal�perspec-
tive�has�to�be�included�in�the�evaluation�of�the�impact�of�PI�
with�respect�to�future�developments�in�blood�supply�and�pos-
sible�globalization�of�infectious�diseases.
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