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Abstract (1) Background: Blood bank stock management of platelet components is especially chal-
lenging due to a relatively short shelf live. Pathogen inactivation methods aimed at reducing trans-
fusion of contaminated platelet concentrate (PC) can prolong the shelf life of platelet products. These
methods require additional processing that can affect in vitro quality of platelets. In 2012 Intercept
pathogen inactivation method by amotosalen plus ultraviolet A illumination was implemented for
all platelet production in Iceland. The aim of this work was to investigate the effects on platelet
transfusion in Iceland 5 years before and after the implementation; (2) Methods: Data on platelet
ordering were extracted from the ProSang blood bank information system. Quality control (QC)
data for PC were available from internal QC databases. The number of PC ordered per year, number
of PC transfused per patient, PC age (in days) at transfusion, and PC platelet content were compared
in two five-year periods, before (2007-2011) and after (2013-2017) implementation of pathogen inac-
tivation (PI) with pathogen inactivation by amotosalen plus ultraviolet A illumination; (3) Results:
No significant increase in average overall annual PC transfusions (1819 Pre vs 1890 Pos, p-value >
0,05) or per patient (4,4 PC Pre vs 5.9 Pos, p-value > 0,05) after 5 years of using PI. No significant
increase in PC transfusion in all hospital department, excluding Outside hospital department with
a significant increase (47,4 Pre vs 117 Pos, p-value < 0,05) after PI implementation. PC available in
stock per day increased after PI implementation ( 16 Pre vs 26 Pos PI, p-value < 0,05 ) Decrease in
number PC delays (6,6 PC per year Pre PI vs 0,2 Pos PL p-value > 0,05). Rate of outdated PC was
not affected (7,12% Pre vs 7,80% Pos PI, p-value > 0,05). A shift was observed in the average age of
transfused PC after Pl implementation (3.0 days Pre PI vs 4.5 Pos PI, p-value <0,05); (4) Conclusions:
National implementation of pathogen inactivation method for PC production in Iceland did not
negatively affect PC transfusion. Implementation had positive effects on PC stock management,
with increased availability.

Keywords: platelet concentrates, pathogen inactivation, proteins, cytokines, chemokines, growth
factors, platelet storage lesion

1. Introduction

Donated blood and it’s components are an essential health asset. Overall, there is a high

demand for blood products and a small donor pool. As reported by the World Health
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Organization (WHO) 118 million blood donations are acquired worldwide. The foremost
transfused cluster patients in developed countries is over 60 years old, accounting for up
to 75 percent of all transfusions '. Blood transfusion in developed countries is mostly for
supportive treatment in cardiac surgery, organ transplants, severe trauma, and in therapy
for neoplastic diseases of hematopoietic origin the most common indication for platelet
transfusion 2. Platelets concentrates (PC) are collected and stored in blood banks to be
transfused for actively bleeding patients and as prophylactic for patients with low platelet
count. Compared to other blood components stored at subzero or refrigerated
temperatures in blood banks, platelets are stored for a relatively short period of 3-5 days

at room temperature >8.

The restrictions on the shelve life of stored platelets is related to increased risk of
bacterial contamination and deterioration of quality during storage referred to as Platelet
storage lesion (PSL). Stored at room temperature metabolically active platelets consume
nutrients and produce harmful waste products. During storage there is increased
production of lactate with elevated levels of pH in the platelet storage media promoting
increased platelet activation and general lowering of platelet quality®'l. Number of
different factors will contribute to the PSL: donor specific, collection, post collection
manipulation and the storage conditions >'7. In vivo recovery and survival of transfused

platelets is correlated with PSL during storage 151,

In modern blood banking there has been a inactivation of contaminated blood
transfusion due to improvements in aseptic procedures during collection and processing
protocols and bacterial screenings. Despite these advances transfusion-transmitted
bacterial infections (TTBIs) are still persistent with majority of incidents related to
contaminated PC. Septic transfusion reactions (STRs) increase morbidity and have a high
mortality rate 20-2%. There is high heterogenicity among studies analyzing the rete of STR
making it a challenging task to estimate to true risk of these reactions 2. Retrospective

analysis of PC transfusions implicates that the rate of STRs is likely underestimated 2.

Countries with ageing populations, increased hospitalization and limited
donations face an ever more challenging task in meeting harvesting and storage demands
22529 Ensuring adequate stock and being able to deliver the product fast without delays
and limited outdating is challenging especially with this short shelve life of platelets.

Modern transfusion medicine demands safe PC products with increased availability.

To address this increase in demand, measures aimed at increasing transfusion
safety while prolonging the standard 5-day shelf life of PCs to 7 days have been or are
being developed. Several pathogen inactivation (PI) methods using pathogen inactivation
(PI) technology are currently available. These utilize ultraviolet (UV) light of different
wavelengths with or without photoactive chemicals 303!. Amotosalne-UVA (INTERCEPT

Blood System, Cerus) represents the most studied and most widely used. Amotosalne-
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UVA technology is now in routine use in over 300 blood centers in 40 countries and 81

implemented nationwide in several of them 3234, 82

The Reykjavik Blood Bank is a nationwide blood transfusion service in Iceland 83
serving a population of 350.000 inhabitants. Due to Iceland’s unique geographical 84
situation our blood stock management is both a challenge and a matter of public safety. 85
To stabilize the supply of platelet concentrates (PC) and to reduce bacterial contamination 86
risk, pathogen inactivation (PI) of all PC was implemented in 2012. Amotosalne-UVA 87

technology allowed for extension of platelet storage from 5 to 7 days. 88

The aim of this study is to compare PC transfusion in Iceland in two periods, Pre. (2007- 89
2011) and Pos. (2013-2017) implementation of PI, including number of units transfused 90
per department Pediatric, Emergency, Medicine (Hematology/oncology), Intensive care, 91

Obstetrics, Surgery and outside hospital, age of transfused units and number of units 92

transfused per year and per patient. 93
2. Results 94
RESULTS. 95
PC production and content. %

From 2007 to 2017 platelet production in Iceland was on average 2122 PC per year. No 97
significant difference was between the two study periods for overall PC production (2089 98
Pre vs 2124 Pos, p-value > 0,5 figure 1A). A statistical difference was observed in the BC 99
and apheresis ratios Pre and Pos PR implementation with an increase in apheresis PC’s 100
(58,3 % Pre vs 67,1 % Pos, p-value < 0,05, figure 1B). Apheresis PC contained compatible 101
numbers of platelets per PC product Pre and Post PI implementation (305 x 10° platelets. 102
Pre vs 302 x 10° platelets. Pos, p-value > 0,05, figure 1C). The BC PC platelet content was 103
significantly lower Pos PI (372 x 10° platelets Pre vs 280 x 10° platelets Pos, p-value <0,05, 104
figure 1D) 105
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Figure 1. Platelet production Pre PI implemetaion (blue) and post (red). The top and bottom of each 107
box represent the 75th and 25th percentile, respectively, and the central line represents the median. 108
The means are marked with an X, and the outliers with a dot. 109

PC stock management.

110

111

With an increase in the shelve life of the PC product after Pl implementation we observed 112

a shift in the age of PC being transfused (3.0 days Pre PI vs 4.5 Pos PI, p-value <0,05) figure 113

2. The average number of PC available in stock per day increased after Pl implementation 114

(16 Pre vs 26 Pos PI, p-value < 0,05 ) figure 3 A. Incidents of PC shortage and delayed 115

delivery where more frequent Pre PI (6,6 delayed PC per year Pre PI vs 0,2 Pos P, p-value > 116

0,05) figure 3 B. The rate of outdated PC Pre and Pos PI implementation was compatible 117

(7,12% Pre vs 7,80% Pos PI, p-value < 0,05) figure 3 C.

118
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Figure 3. A. Avrage number of PC avilable in stock per day. B. The number of recorded 123
events of dayleayd delevery of PC as a result of PC shortage. C. Rate of outeded PC. Pre 124
(blue) and post (red) implementation. The top and bottom of each box represent the 75th 125
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PC transfusion.

There was no significant change in the average number of overall transfused PC (1819 Pre
vs 1890 Pos, p-value > 0,05) figure 4 A. Average number of patients receiving PC
transfusion (332.8 patients Pre vs 322.6 patients Pos, p-value > 0,05) and number of PC
transfused per patient (4,4 PC Pre vs 59 Pos, p-value > 0,05) did not change after
implementation of PI figure 4. B and C respectively. PC transfusion by location was
compatible at all departments except for Outside hospital department with a statistical
annual increase (47,4 Pre vs 117 Pos, p-value < 0,05) figure 4. Adverse events recorded
related to PC transfusion did not differ pre and pos PI implementation (pre = 3.6 vs pos =
2.6, p-value > 0,05). The rate of PC implicated in adverse events was compatible pre and

pos PI implementation (pre = 0,20% vs pos = 0,14%, p-value > 0,05) figure 5.
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Figure 4. Avrage number of PC transfused. B. The number of patients reciving PC
transfusion. C. Rate of outeded PC. Pre (blue) and post (red) implementation. The top and
bottom of each box represent the 75th and 25th percentile, respectively, and the central

line represents the median. The means are marked with an X, and the outliers with a dot.
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3. Discussion 150

With the aim of increasing availability and limiting the risk of contaminated PC the Blood 151
Bank of Iceland implemented PI for all PCin 2012. Being the sole provider of PC product 152
in Iceland we sought out to analyze the effect of PI implementation on blood stock 153
management and PC transfusions in a nationwide blood transfusion service. Numerus 154
clinical and retrospective studies on the safety and efficacy of Amotosalne-UVA PI PC 155
have been conducted worldwide with favorable outcome 3. Despite these findings there 156
is still an ongoing debate about the clinical value of implementing amotosalen-UVA 157
pathogen inactivation technology ##. Studies have shown a decreased quality of PI 158
treated platelets at the laboratory level during storage compared to untreated platelets 4> 159
47 Several analyses have been conducted in the past on the effect of PI implementation on 160
platelet utilization with to some extant various results. Infanti et.al conducted a 161
retrospective analysis on platelet utilization at the University hospital in Basil looking at 162
two five-year periods before and after implementation of PI. PI PC had lower (22%) 163
corrected count increments (CCI) than conventional PC. There was a correlation between 164
storage duration and lowering of CCI for both conventional and PI PC. 16.6% of PC 165
transfused after Pl implementation were older than 5 days. Despite CCI results there was 166
no change in number of PC per patient or duration of PC support for 167
hematology/oncology and general medical and surgical patients using the majority (92%) 168

of PC after implementation of PI. There was an increase in number of PC per patient and 169
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PC support durations for patients undergoing cardiovascular surgery (CVS) post PI, 170
although a smaller proportion of these patients required RBC transfusion. The opinion of 171
the outers is that this difference does not indicate a lack of efficacy but can be contributed 172
to change in medical practice e.g., viscoelastic hemostatic assays for patient blood 173
management, new emergency protocols and an increasing number of patients on 174
antiplatelet drugs having CVS . Although CCI analysis were not included in our 175
investigation we can speculate there being a lower CCI in the Post PI group as 27% of 176
transfused PC where older than 5 days. CCI analysis alone may not be the best indicator 177
of platelet transfusion efficacy and contribution to patient blood coagulation status. . A 178
systematic review on storage duration up to 7 days of PC transfused for critically ill and 179
hematology patients observed lower CCI for older PC, however there was no effect on 180
the clinical outcome including bleeding, sepsis or mortality . Thromboelastography 181
(TEG) and thromboelastometry (TEM) have gained increased popularity as point of care 182
assays to guide patient blood transfusion management 5'%2. Leitner et.al conducted a 183
prospective observational study that showed a significant improvement of TEM 184
parameters after transfusion of pathogen reduced PC in patients receiving hematopoietic ~ 185
stem cell transplants. This post transfusion improvement for the TEM assay did not 186
mandatory correlate with CCI or 1-hour post transfusion increase %. In relation to lower 187
CCI of PI PC concerns of inferiority especially in massive transfusion setting have been 188
raised 5. Nussbaumer et.al analyzed retrospectively the effect of PI implementation on 189
mortality/morbidity and blood component use for massively transfused patients showing 190
no adverse effects of Pl implementation. Garban et.al conducted 3 arm analysis comparing 191
conventional PC suspended in PAS or Plasma and PI PC suspended in PAS. There were = 192
significantly more transfusion of lower dose PI PC and patients in that arm where more 193
likely to receive a second PC transfusion less than 2 days after the first transfusion 194
compared to the other 2 study arms. There was no statistical difference in the total number 195
of PC transfused per patient. PI treatment of platelets suspended in PAS had no effecton 196
bleeding events. PI PC in PAS where inferior to PC in plasma in relation to (WHO) grade 197
2 bleeding but not grade 3 or 4. RBC transfusion where compatible in all 3 study arms*. 198
Shorter transfusion intervals have been reported in other clinical trials including the 199
SPRINT and euroSPRITE trials conducted to gain approval in the USA and EU 3635%, Even 200
with a potential increase of low-risk bleeding events and shorter transfusion intervals 201
without the increase of PC per patients, these drawbacks must be weighed against the 202
gain of drastically lowering the risk septic transfusion reaction due to transfusion of 203
contaminated PC. Over 875.000 PI PC units have been transfused in France ,Belgium and 204
Switzerland with 0 reports TTBI or fatality’s compared to 78 TTBI and 16 fatality’s linked 205
to the transfusion of conventional PC 5%. In our analysis there were 0 reports on TTBI pre 206
or post Pl implementation. The fact that there were 0 reported TTBI pre PI in our setting 207
is likely because of overall small number of transfusion and lack of reporting. Reports on 208
other AE where compatible pre and post PI. The most notable difference relating to our 209
experience was the reduction in PC shortage due to larger stock and increased availability 210

made possible by 7-day storage post PL. As a result, there was a shift in the average age of 211
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transfused PC’s from 2.0 day old Pre PI to 4.16 day old Pre PI. Pre PI 83% of transfused 212
PC were stored for 3 days or less this number dropped to 38% after PI implementation. 213
After PI implementation 44% of the transfused PC hand been stored for 5 days or more. 214
With a prolonged PC shelve life a decrease in number of outdated units is expected. In 215
our setting a prolonged shelve life made it possible to increase our PC stock without more 216
outdating. Being the only blood bank located in Iceland PC availability is a matter of 217
public safety. 218

The two time periods compared were similar in number of patients and PC produced. 219
There was a significantly higher proportion of apheresis PC post PI implementation. In 220
2014 our facility moved from mixed single and double dose apheresis collections to 100% 221
double dose apheresis collections. A decision to increase single donor apheresis 222
collections in our PC production was made to have more stability on our PC stock. The 223
decrease in platelet content per PC unit after PI implementation relates to changes in 224
processing protocol moving from semi-automatic processing using 5 BC per PC to manual 225
processing with 4 BC per PC. A lower average platelet content did not translate into more 226
PC transfusions post PI implementation. In both study periods the average platelet 227
content per PC unit was well over the 200x10° per unit recommended by the The European 228
Directorate for the Quality of Medicines & HealthCare (EDQM 2020) standard %. In our 229
transfusion by location analysis, an increase in transfusions for outside hospital was 230
observed. We categorized outside hospitals as smaller healthcare facilities placed outside 231
the capital Reykjavik and not a part of our national hospital Landspitali University 232
hospital the Blood bank of Iceland main customer. These facilities are especially depended 233
on governmental funding and healthcare policy. Surgery and Obstetrics units can be 234
closed and reopened at any given time at these facilities depending on funding. In fact, 235
this increase in PC transfusions is mainly due to increased activity at two outside hospitals 236
located at Selfoss and Keflavik that had 10 PC transfusion pre PI compared to 263 PC 237
transfusions post PI. 238

Our experience of PI technology is safe PC product with increased availability, 239

without an increase in number of PC transfusions. 240

241
4. Materials and Methods 242
Platelet concentration production 243

Platelet concentrates where collected using Amicus Crescendo (Fresenus Kabi, Lake 244
Zurich, IL, USA) apheresis machine from 2007 until late 2017 when their use was 245
discontinued due to implementations of Trima Accel for platelet apheresis (Terumo BCT, 246
Lakewood, CO, USA). Platelet concentrates were processed from 5 whole blood 247
donation with an automated blood processing system Orbisac (Terumo BCT, Lakewood, 248
CO, USA) from 2007 until implementation of manual Intercept processing in 2012 using 4 249
whole blood donation per PC unit. Post PI 2007 to 2012 the rate of irradiated PC was on 250
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average 80%. Platelet additive solutions (PAS) used for PC storage was T-Sol (Baxter, 251
Deerfield, IL, USA) pre-PI and SSP+ (Macopharma, Tourcoing, France) post-PL 252

Data collection and design 253

Platelet ordering and outdating data was extracted from electric recording system 254
Prosang version 7.0 (CSAM, Oslo, Norway). Delays in delivery and incidents of low stock 255
where available as deviation recordings in a Lotus notes data base (IBM, Armonk, NY, 256
USA). PC platelet count data was available from in house Excel database. The number of 257
PC transfused per year, Patient population, number of PC transfused per patient and by, 258
PC age (in days) at transfusion, and PC platelet content were compared in two five-year 259
periods, before (2007-2011) and after (2013-2017) implementation of PI. PC transfusion by 260
different location (Emergency, Intensive care, Medicine, Pediatric, Surgery, Outside 261

hospital) was compared between the two time periods. 262
Statistical analysis. 263

Data analysis where preformed on Excel 365 (Microsoft, Redmond, WA, USA) 264
Distribution of data using box and whiskers charts. The top and bottom of each box 265
represent the 75th and 25th percentile respectively, and the central line represents the 266
median. The means are marked with an X, and the outliers with a dot. Differences between 267
the two treatment periods were assessed by two-sided t test (with unequal variances) for 268

continuous variables. 269

270
271
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