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• Shift in resuscitation strategy for patients with severe bleeding, 
moving from a clear fluid-based to a blood-based resuscitation 
strategy 

• Civilian and military guidelines recommend early balanced 
transfusion to patients with major haemorrhage

• Whole Blood has been reintroduced as a logistically feasible 
alternative to blood components 

• In a previous survey, the European Blood Alliance (EBA) Working 
Group on Innovation and New Blood Products have identified an 
interest from the European Blood Services in implementation of 
WB programs



• To provide a practical guideline for Blood Providers who wish to implement a 
Whole Blood program. 

• To summarize recommendations and practical implications identified from 
published literature, regulatory requirements and current WB programs in 
Europe. 



EDQM Blood Guide, 21 ed, Chapter 5, A-1 Whole Blood, page 215





• Donor Selection

• Collection and production 

• Storage and transport 

• Validation, quality control, post-implementation follow-up 

• Inventory management

• Emergency preparedness. 
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➢ ISBT standards for labelling are recommended to favour interoperability between countries in 
emergencies.
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EDQM Blood Guide, 21 ed, Chapter 5, A-1 Whole Blood, page 216



•

• Specifications for WB are described within the monographs of the EDQM Guide to 
the preparation, use and quality assurance of blood components (Blood Guide).  

EDQM Blood Guide, 21 ed, Chapter 5, A-1 and A-2



• Markers of red cells, 
platelet and plasma 
quality should be 
included in the 
validation of the 
whole blood product. 

• Platelet function 
declines during 
storage, however 
impact on clotting 
time and strength 
preserved (TEG). 

• Validation study find 
similar results when 
comparing whole 
blood stored in 
hospital and 
prehospitally



• Post-implementation follow-up of the program 
includes hemovigilance and quality 
surveillance of the use and clinical 
effectiveness of the product. 

• End users of the product should be involved in 
the development and evaluation of the 
program and training of clinical personnel 
must be performed. 







• Extended shelf-life RBCs and platelets

• Reduced platelet dose

• Cold stored and frozen platelets

• Liquid plasma

• Whole blood



• No electricity, no water, no IT
• Bombed hospitals and blood services
• Medical evacuation under attack
• Large number of wounded soldiers and civilians
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• We conclude that subject to successful validation, hemovigilance surveillance and authorization by 

competent authorities, implementation of a whole blood program for routine and emergency management 

of patients with severe bleeding can be performed in a structured and sustainable way. 

• We recommend that whole blood continue to be included as a blood product in the EDQM Blood Guide 

Monograph section
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NEW METHOD FOR CRYOPRESERVED PLATELETS 

(CPP) WITH MINIMAL POST-THAW PROCESSING.

The French experience
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Thibaut Bocquet

https://www.efs.sante.fr/
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Summary
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1. Why ? 
1. Why do we use CPP ?

2. Why do we changed ?

2. Results
1. During regulatory validation

2. During implementation

3. In routine use

3. Conclusion

https://www.efs.sante.fr/


efs.sante.fr

WHY ?
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WHY DO WE USE CPP ?
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CPP for :

➢ Routine : special HLA/HPA units (stock in the National Rare blood bank)

➢ Back up : fresh platelets shortage (Overseas islands due to supply issues)

EFS : the only Blood Donation stakeholder in France 
We collect, prepare and distribute blood products to our healthcare establishments across the country

https://www.efs.sante.fr/
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WHY DO WE CHANGED?

• Post thaw manipulation : 

➢ > 2h

➢ Centrifuge needed

➢ Losses and quality issues.

→ New method : currently used in civilian or military applications

Établissement français du sang  ● EDQM Blood Conference ● 14 January 2025 31
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NEW METHOD *
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Platelets specifications : 

CPP and plasma : Δ T° ≤ 1°C 

• Platelets in PAS (not PI) 

• <24h for Apherisis or <48h for Mixed Pooled Buffy coat Platelets

• Content >3*1011

*Valeri et al. Transfusion 2005; 45:1890–1898

https://www.efs.sante.fr/
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RESULTS
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1. During regulatory validation

2. During implementation

3. In routine use02

https://www.efs.sante.fr/
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1- REGULATORY VALIDATION

• Codevelopment with French Blood Army Services

→ resuspended in AB plasma or Lyophylized plasma 

CPP met French regulatory requirements

→ ANSM authorization 26/01/21 :

➢ 2 years at -80°C 

➢ 6 h
Établissement français du sang  ● EDQM Blood Conference ● 14 January 2025 34

Results (n= 32)

• DMSO = 2.5 (+/-1.4) g/CPP

• Freezing/thawing = stress

➢ Platelets loss : recovery 78% (+/-14)

➢ Partially activated

➢ But still fonctional → clot initiation / formation / strength

https://www.efs.sante.fr/
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2- DURING IMPLEMENTATION
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• T0 Vmean= 29.5 mL (±14.3) → T1 Vmean= 303 mL (±23)

• Residual DMSO/CPP = 0.9 ± 0.3 g (n=20)

• T1 : Recovery = 79 % (±15)

• T0 / T1 : MPV (p<0.05)* ; pH (p>0.05)*

4 production sites (n=40)

n = 40 Before freezing (T0)
Immediately after 

thawing (T1)

6h after thawing 

(T2)

Platelet content per unit 6.3 ± 0.8x 1011 5.0 ± 1.0 x 1011 4.4 ± 0.9

Mean Platelet Volume (µm3) 9.1 ± 1.1 9,9 ± 1.8 10.2 ± 2.0

pH 7.11 ± 0.20 7.09 ± 0.15 7.0 ± 0.1 

* Wilcoxon test

• Platelet Swirling Index (SI) : T1 < T0 but T2 > T1.

• Thawing CPP < 5min and Plasma ≈ 12 min → CPP ready to use <1h

https://www.efs.sante.fr/


efs.sante.fr

3- ROUTINE USE
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• 110 CPP units were thawed → 97 issued (41 were controlled) and 13 discarded 

• Mean platelets recovery : 68 - 78% 

• Visual aspect : 

➢ conform and homogeneous. 

➢ Occasionally small platelets aggregate

➢ SI present but weak 

• ☺ 45 to 75min // simplicity (no wastage)

•  Time to T° balance CPP/plasma

1 year in 2 EFS Overseas region

EFS Guadeloupe-Guyane (n=12) EFS Martinique (n=29)

Before freezing 

(T0)

Immediately after 

thawing (T1)

Before freezing 

(T0)

Immediately after 

thawing (T1)

Platelet content per unit (x 1011) 5.4 ±0.9x 1011 3.6 ±0.6x 1011 4.6 ± 0.7x 1011 3.6± 0.6x 1011 

Recovery (%) 68.3 ±13.9% 78.1 ±8.7%

CPP used :

➢ Majority for hemorrhagic indications 

➢ Some for oncohematology indications during unexpected high demand.

https://www.efs.sante.fr/
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CONCLUSION
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CONCLUSION 

Établissement français du sang  ● EDQM Blood Conference ● 14 January 2025 38

• Successfully implemented (+ pediatric availability)

• Benefits are confirmed : 

➢ “Universal” for transfusion (AB plasma used) 

➢ Simplicity + Quickly available (≈1h) = staff serenity

➢ Thawed in anticipation → preserve fresh platelet for hematology prescriptions and give time to supply.

• CPP seem to successful fulfill their purpose

➢ In vitro quality (procoagulant activity)

➢ Suggestions : safe and effective

New method for CPP

The best alternative to fresh platelets in remote location in case of supply chain failure !

• EFS strategic decision :

➢ Minimal safety stock nationwide  (Overseas department and contingency plan) 

https://www.efs.sante.fr/
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concentrates from pooled 
buffy coats
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5 Clinical Use of granulocytes in non-neutropenic sepsis 
patients in an extracorporeal dialysis-like therapy



1
Granulocyte concentrates -
background



Granulocyte concentrates (GC) - background
• GCs are used for more than 60 years for transfusion, rarely used (500 p.a. in Germany) 

• Main indication for transfusion:

- Chronic Granulomatosis (hereditary granulocyte malfunction in oxidative burst)

- Severe infections in neutropenic patients

• Recently, GCs are used in non-neutropenic sepsis patients in an extracorporeal treatment  

• Two different manufacturing methods according to EDQM Guide for blood components

Granulocytes, Apheresis: Single donor after stimulation with G-CSF und Glucocorticoid using 
sedimentation agents like HES or gelatin (main method in e.g. Germany) with >1E10 granulocytes

Granulocytes, Pooled from buffy coats (used e.g. in UK, NL, FR) with >5E9 granulocytes

• GCs contain mainly RBC (>90%) and PLT, but only 2-10% WBC

• Transfusion within 24h due to production of lactate by RBC, resulting in pH of <6.3 in 24h 

HES: hydroxy ethyl starch

66



Use of GCs in extracorporeal immune cell therapy 
ARTICE
Patients with septic shock are treated with GCs by separating the immune cells of patient and 
donor to minimize potential side effects (local endothelium damage by enzymes, ROS; GvHD) 
using plasma filters

Target: Re-activation of the patients immune system from immunoparalysis in later stage 
sepsis in order to overcome primary and prevent secondary infections.

ARTCLINE – immune cell-based bio-therapies 67

+ Granulocyte Concentrate



2
Purified GCs from 
apheresis 



Purified granulocyte concentrates from Apheresis GC

The standard GCs are sedimented and 
the leukocyte rich supernatant is 
washed twice and the resulting washed 
cells are resuspended in donor plasma.

69

  

 

 
Standard Granulocyte Concentrate  Purified Granulocyte Concentrate 

 

Klinkmann et al. Transfusion. 2022; 62:194–204

Purified GC contain approx. 98% less red blood cells (RBC) and 95% less platelets (PLT) than 
standard concentrates.



Comparison of standard GCs with purified GCs from 
Apheresis

70
Klinkmann et al. Transfusion. 2022; 62:194–204

pH and lactate in purified GC are equal or better after 3 days than in standard GC within 6-10 
hours. Glucose in purified GC is sufficient for at least four days.

pH Lactate Glucose



Comparison of standard GCs with purified GCs from 
Apheresis (II)

71
Klinkmann et al. Transfusion. 2022; 62:194–204

Oxidative burst, phagocytosis and viability in purified GC are equal or better after 3 days than in 
standard GC within 24 hours. 

Oxydative burstPhagocytosis Viability



Comparison of standard GCs with purified GCs from 
Apheresis (III)

72

Standard-GC from Apheresis Purified GC from Apheresis 

Granulocytes > 1 x E10 1 bis 2,5 x E10

RBC > 1 x E11 < 1 x E10

PLT > 5 x E10 < 1 x E10

From 1 Donation 1 -2 preparations 2 - 4 preparations 

Maximal storage time 1 day At least 3 days

ABO compatibility mandatory ABO independent use possible

residual amount of sedimentation 

accelerator (HES / gelatin) 

15-30 ml Removed during washing steps



Comparison of standard GCs and purified GCs from 
Apheresis - Summary

• Purified GC can be stored for 3-4 days, standard GC only 1 day

• From one apheresis usually 3 -4 purified GC ca be produces with 1 - 2.5 E10 granulocytes that can 
be used on three subsequent days

• More homogenous dosing possible with purified GCs

• Purified GCs contain less than 2 ml RBC, potentially allowing ABO independent use

• In purified GC the sedimentation agent is washed away

73



3
Purified GCs from 
buffy coats using HES



Purified GCs from pooled buffy coats

The buffy coats are pooled, a sedimentation accelerator is added, after sedimentation the 
leukocyte rich supernatant is washed and the resulting cell pellet is resuspended in donor plasma.
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Purified GCs from pooled buffy coats using hydroxy 
ethyl starch (HES)

76
Klinkmann et al Transfusion Medicine and Hemotherapy 2024;51:383–392

Oxidative burst, phagocytosis and viability in purified GC are stable for at least 3 days.

Both HES with molecular weight of 200.000 (pentastarch) and 450.000 (hetastarch) can be used. 



4
Purified GCs from 
buffy coats using 
gelatin



Purified GCs from pooled buffy coats using gelatin

78
Altrichter et al Poster at DGTI congress 2024, Düsseldorf

Oxidative burst, phagocytosis and viability in purified GC are stable for 3 - 4 days and comparable 
to standard granulocyte concentrates within 24 hours. 

Oxydative burstPhagocytosis Viability



Comparison of purified GCs from apheresis and 
pooled buffy coats

79

Characteristic Purified apheresis-GC Purified pooled GC Comment

Number of donors in 1 

purified GC

1 in Germany max. 16 Higher potential infectious risk in 

pool

Number products from 1 

manufacturing

2 to 4 products 1 product

Donor impairment High due to stimulation with G-CSF 

und glucocorticoids, apheresis 

procedure and sedimentation agent

Low Higher Risk by apheresis

Availability of donors Low High

Time till allocation Low Non-directed 

manufacturing possible

Dose acc. to EDQM guide >1E10 >5E9 Use of 2 Pooled GCs if needed

Composition NEUT↑, PLT↓, RBC↓ NEUT↑, LYM↑, PLT↑, RBC↓ More PLT and LYM in Pooled GC



Comparison of purified GCs from apheresis and 
pooled buffy coats

80

Pooled buffy coatsApheresis



5
Clinical Use of granulocytes in non-
neutropenic sepsis patients in an 
extracorporeal dialysis-like therapy



Use of GCs in extracorporeal immune cell therapy 
ARTICE
Patients with septic shock are treated with GCs by separating the immune cells of patient and 
donor to minimize potential side effects (local endothelium damage by enzymes, ROS; GvHD) 
using plasma filters

Target: Re-activation of the patients immune system from immunoparalysis in later stage 
sepsis in order to overcome primary and prevent secondary infections.
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+ Granulocyte Concentrate



Elements of immune cell therapy platform ARTICE

Machine

CE marked in 
EU.

Procedure Pack

All disposables (filters, 
tubing, etc.) are CE 
marked in EU.

Granulocyte 
concentrate

Produced acc. to 
GMP manufacturing 
authorisation



Previous Clinical Trials
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Reduction of shock symptoms

(patient example):

Significant reduction of shock symptoms 

for total patient population in clinical trial

Norepinephrine dosage 

of (𝜇g/kg/min) could be 

reduced significantly 

during extracorporeal 

granulocyte treatments 

(Mann-Whitney U test; 

n=10; median/0.25–

0.75 quartile).
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Dosage before (left) and after 
(right) extracorporeal treatment
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) p = 0.002

During each treatment, pressure agents 

(norepinephrine) could be reduced.

Safety & efficacy 

#1 clinical trial 

• 10 patients with septic shock

• demonstrated shock 

reduction, immune 

reactivation 

• better survival than expected

#2 clinical trial

• 10 patients with septic shock

• higher dose of immune cells

• confirms positive results

from first clinical trial

28-day survival: 13/20 (65%)

In-hospital survival: 11/20 (55%) 

vs. predicted survival: 30%
(in-hospital survival according to APACHE II Score)

→

Summary of study results

Primary objective of study (safety):

• Treatments well tolerated 

• No technical problems

Secondary objective of study (efficacy):

• Improvement of shock 
(reduction of norepinephrine dose)

• Positive impact on immune competence 
(cytokines, leukocytes, HLA-DR)

• Significant decrease of infection (endotoxins, PCT)

Better survival than expected from severity scores
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→

Altrichter et al. Crit Care 2011

Sauer et al. BMRI 2016

Sauer et al. TAD 2018



Previous Clinical Trials: Cytokines

Significant immunomodulation not only in the extracorporeal circuit (shown in right table colored), 
but also in the patient (shown in left table, green).

Altrichter et al. Crit Care 2011



ReActIF-ICE Trial Currently Recruiting

Recovery from Acute Immune Failure in Septic Shock by Immune Cell Extracorporeal Therapy1

• Prospective, multicenter, randomized controlled parallel-group study ReActIF-ICE study, n = 142 patients

• Experimental group: Subjects with septic shock treated with immune cell extracorporeal therapy on top of standard of care (SoC)

• Protocol: Day 2-Day 9 up to 6 ARTICE® therapies for 6h each, Day 28 primary evaluation, Day 90 follow-up visit

1 Clinicaltrial.gov: NCT05442710
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Primary 
outcome measure

To investigate the safety and 
tolerability of ARTICE® therapy 

Secondary 
outcome measure

To identify any clinical benefit of the 
ARTICE® immune cells when used 
in an extracorporeal treatment in a 
septic shock population

Additional 
endpoints

• Immunological parameters

− immune dysfunction of patients after septic shock 

− influence of the ARTICE® therapy on these parameters

• Pre-specified interim analysis focusing on safety will be conducted after 50 

treated and completed subjects (follow up through D28 already completed) 

Trial conducted in ~20 leading intensive care centers in Germany, e.g.

Trial objective: collection of post market data regarding performance, safety and usability of ARTICE® therapy 



Summary

• Purified GCs can be produced both from apheresis and pooled buffy coats 

• Both can be stored for at least 3 days with high functionality and viability

• Each working day >10,000 buffy coats are discarded in Germany, allowing the daily production 
of purified GC from buffy coats

• Purified GCs contain less than 2 ml RBC, potentially allowing ABO independent use

• Beside transfusion GCs may also be used in non-neutropenic sepsis patients using an 
extracorporeal application

• Sepsis is a major threat in EU with almost 1,000 deaths every day

• Therefore, if demand is increasing a potential ABO independent of the shelf purified GC is 
possible
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Collaborators

• Purified GCs from Apheresis: L. Goudeva, R. Blasczyk, L. Arseniev, K. Aleksandrova

• Purified GCs from buffy coats using HES: K. Selleng, T. Thiele

• Purified GCs from buffy coats using gelatin: T.J. Schulze, J. Rach

• Development of extracorporeal therapy: S. Mitzner

• Clinical trials: M. Sauer, G. Klinkmann, D. Reuter and many others
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ARTCLINE GmbH
Schillingallee 68

18057 Rostock

Germany

e-mail: info@artcline.de

Phone: +49 (0)381 440 703 0

Fax: +49 (0)381 440 703 29

Thank You

Jens Altrichter, MD

e-mail: jens.altrichter@artcline.de
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