
PLASMA LIOFILIZZATO COME ALTERNATIVA ALL’UTILIZZO

DEL PLASMA FRESCO CONGELATO

Ursula La Rocca

Centro nazionale sangue, Istituto Superiore di Sanità, Roma

Fabio Candura, Maria Simona Massari, Lucia De Fulvio, Samantha Profili, 
Giacomo Silvioli, Massimo La Raja, Vincenzo De Angelis 



La sottoscritta, in qualità di Relatrice 

dichiara che

nell’esercizio della Sua funzione e per l’evento in oggetto, NON È in alcun modo 

portatrice di interessi commerciali propri o di terzi; e che gli eventuali rapporti avuti 

negli ultimi due anni con soggetti portatori di interessi commerciali non sono tali da 

permettere a tali soggetti di influenzare le sue funzioni al fine di trarne vantaggio.



UNO SGUARDO AL FUTURO

“In the future, blood services may offer new 
products, improve access to blood donation, 
implement new technologies and establish 
research partnerships with local health 
authorities.”
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“Lyophilized plasma can expedite plasma infusion in patients with severe coagulopathy or 
major bleeding. It can be reconstituted in less than 6 min. Relative to fresh frozen plasma, it 
can increase fibrinogen levels, shorten the time to transfusion, and improve prothrombin time 
ratio and factor II and V levels”.

Lewin A, et al. 2023 
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PLASMA LIOFILIZZATO: ONCE UPON A TIME…
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II°GM: ampio impiego
• UK and US (3, 4)
• Svezia: Spray dried         

plasma

National Research Council Committee on Plasma and 
Plasma Substitutes US: “The whole, pooled human plasma 
be discouraged and even discontinued unless a clear cut 
case can be made for its unique requirements.”(11)

Introduzione riduzione o  
inattivazione patogeni, nuova 
produzione:
• French Military Blood Institute 
• German Red Cross 
• National BP South Africa 

Pooled plasma 
liofilizzato (1,2)



Il termine «liofilo» deriva da due vocaboli greci
che sono =solvente e =affinità:
quando i materiali vengono sottoposti a questo
processo, acquistano avidità di acqua.

Venne impiegato per la prima volta nel 1935 per
indicare una sostanza disidratata.

La liofilizzazione mediante freeze-drying è
l’essiccamento per sublimazione ovvero il
passaggio diretto dallo stato solido allo stato di
vapore del solvente congelato.

Lo spray-drying permette la trasformazione di
soluzioni o sospensioni liquide acquose in polveri,
attraverso in processo di atomizzazione, con
conseguente evaporazione istantanea dell’acqua.

L’assenza di acqua o di umidità residua permette
la lunga conservazione di tutte le attività delle
sostanze biologiche che possono, poi, essere
trasformate nella soluzione con semplice
aggiunta del solvente.

IL PROCESSO DI LIOFILIZZAZIONE
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DRYING



• Emorragia → perdita di GR, fattori di coagulazione, piastrine,
fibrinogeno e volume plasmatico.

• Queste perdite sono aggravate dal consumo dei fattori nel processo di
coagulazione.

Trauma is responsible for 8% of 
global annual mortality.
Among trauma patients, 
haemorrhage is a leading cause 
of death worldwide.

Bleeding is one of the most 
common reasons for patient 
presentation in the prehospital 
setting. Peak mortality occurs at 
30 min. 

Zaza M, et al. 2020

TRAUMA, EMORRAGIA E TERAPIA TRASFUSIONALE

Mc Laughlin CJ, 2023
  

POSSIBILE APPLICAZIONE PRE-OSPEDALIERA: UNA PIÙ RAPIDA DISPONIBILITÀ PRESENTA VANTAGGI NEL CONTESTO DEL TRAUMA



HYPOTHERMIA

ACIDOSIS

COAGULOPATHY

Irreversibile shock 
and Death

DAMAGE CONTROL RESUSCITATION
with blood components mimicking WB 

Plasma gives more time to get whole blood 
into the patient (Beecher et al. 1945)

“Plasma produces superior volume expansion when 
compared to crystalloids, allowing less volumes infused to 
match volume lost, faster hemodynamic recovery, and 
decreased third-spaced volume …”       Zaza et al. 2020

Shackleford JTS 2016

TRAUMA, EMORRAGIA E TERAPIA TRASFUSIONALE

• KIA: killed in action
• DOW: death of wounds
• Black line: earlier goal to provide blood

• ↑ fattori coagulazione
• correzione iperfibrinolisi
• miglioramento disfunzione 

endoteliale 
• ↑ albumina 

• L’utilizzo di soluzioni saline (cristalloidi) può esacerbare il processo, causando coagulopatia
da diluizione e acidosi.

• La trasfusione appropriata, al contrario, rappresenta un approccio vantaggioso.



COMBAT

Use of prehospital plasma during rapid ground rescue of patients with haemorrhagic shock before arrival 
at an urban level 1 trauma centre. 

Eligible patients were randomly assigned to receive plasma or normal saline (control). The primary 
endpoint was mortality within 28 days of injury.  The as-treated analysis included 125 eligible patients, 65 
received plasma and 60 received saline. 

The groups did not differ in mortality at 28 days (p=0∙37). Due to the consistent lack of differences in the 
analyses, the study was stopped for futility after 144 of 150 planned enrolments. 

During rapid ground rescue to an urban level 1 trauma centre, use of prehospital plasma was not 
associated with survival benefit. Blood products might be beneficial in settings with longer transport 
times, but the financial burden would not be justified in an urban environment with short distances to 
mature trauma centres.

Moore HB et al. 2018

TRASFUSIONE DI PLASMA NELLO SHOCK EMORRAGICO



In injured patients at risk for haemorrhagic shock, the prehospital administration of thawed plasma was safe and 
resulted in lower 30-day mortality and a lower median pro-thrombin time ratio than standard-care resuscitation.

PAMPer

Sperry JL et al. 2018

TRASFUSIONE DI PLASMA NELLO SHOCK EMORRAGICO

Multicenter, cluster-randomized, phase 3 superiority trial that 
compared the administration of thawed plasma with standard-
care resuscitation during air medical transport. 

Mortality at 30 days was significantly lower in the plasma 
group than in the standard-care group (p=0.03). 
  
Kaplan–Meier curves showed an early separation of the two 
treatment groups that began 3 hours after randomization and 
persisted until 30 days after randomization (log-rank chi-square 
test, 5.70; P=0.02). 

No significant differences were noted with respect to multi-

organ failure, acute lung injury, acute respiratory distress 
syndrome, nosocomial infections, or allergic or transfusion-
related reactions.



To facilitate a post hoc combined analysis of the COMBAT 
and PAMPer trials to examine questions that could not be 
answered by either clinical trial alone. We hypothesized 
that prehospital transport time influenced the effects of 
prehospital plasma on 28-day mortality. 

In 625 patients with hemorrhagic shock, it was observed increased mortality with standard care (crystalloids) if 
pre-hospital transport time more than 20 minutes. These data suggest that prehospital plasma is associated with 
a survival benefit when transport times are longer than 20 minutes and that the benefit-risk ratio is favorable for 
use of prehospital plasma.

Pusateri AE et al. 2020

TRASFUSIONE DI PLASMA NELLO SHOCK EMORRAGICO

Cox regression analysis showed a significant overall survival 
benefit for plasma (hazard ratio [HR], 0.65; 95%CI, 0.47-0.90; 
p = 0.01)



COLD STORAGE CONDITIONS

SUPPLY CHAIN AND SPECIALIZED TRANSPORT 
EQUIPMENT

LENGHTY THAWING PROCESS

APPROVVIGIONAMENTO DI PLASMA FRESCO CONGELATO: 
DIFFICOLTÀ LOGISTICHE 
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Bridge per la terapia trasfusionale
nel setting pre-ospedaliero



PLASMA LIOFILIZZATO: PRODOTTI DISPONIBILI

DRIED

Plasma liofilizzato universale trattato con S/D
per trasfusione pre-ospedaliera

Approved for prehospital transfusion regulatory 
assessment for marketing authorisation in 
selected countries of the European Union

FarmaceuticoEmocomponente prodotto nel ST

A. French Lyophilized Plasma, FLYP (French Military 
Blood Institute, Centre de Transfusion Sanguine 
des Armees, CTSA) 
Pool 11 donatori riduzione patogeni 
(amtosalene/UV) 
uso militare/uso civile ambiente austero

B. Lyoplas N-w, (German Red Cross)                                      
Aferesi da singolo donatore quarantenato 
ospedali militari e civili, servizi medici di 
emergenza civili

C. Bioplasma FDP (National Bioproducts      
Institute, Pinetown, South Africa)                                       
Pool donatori, ABO universale, trattamento S/D



Long storage time
Reconstitution time 
< 6 min

Shelf life 2/3 years
Stored at room 
temperature

To be resolved in 
water at time of 
use

Produced under 
inactivation
process

Leukoreduced
ABO-type specific
or ABO universal

PLASMA LIOFILIZZATO: CARATTERISTICHE TECNICHE

Sheffield et al. 2022



PLASMA LIOFILIZZATO: CARATTERISTICHE QUALITATIVE

Lyophilized plasma showed characteristics similar to FFP. Since 
FDP requires neither complex logistics nor time-consuming 
thawing, it allows rapid treatment of coagulopathies.

Bux J et al. 2013

Martinaud C et al 2012

Changes in protein activities or clotting times arising from
freeze-drying were <15%. In vitro characteristics of TFDP or CC-
TFDP were comparable to their originating plasma, making
future clinical studies appropriate.

Sheffield WP  et al. 2022

• Rispetto al PFC, no differenze
sostanziali in termini di qualità, per
dosaggio di proteine plasmatiche e
parametri coagulativi.

• Trascurabile perdita attività dei fattori
labili della coagulazione (circa il 25% per
il fattore VIII, generalmente aumentato
nel trauma; altri come fibrinogeno,
fattore XI, proteina C e antitrombina
inalterati).

Sheffield WP al. 2022



12 human studies (RCT, 1; observational, 11) and 15 animal studies

Data from two studies (n = 119) were combined for meta-analyses for 
mortality and transfusion of allogeneic blood products. For both 
outcomes, no difference was identified. For mortality, pooled odds ratio 
was 0.66 (95% confidence interval, 0.29–1.49), with I2 = 0%. Use of FDP is 
feasible, and no adverse events were reported. Animal data suggest 
similar results for coagulation and anti-inflammatory profiles for FP and 
FDP.

Human data assessing freeze dried plasma use in trauma report no 
difference in mortality and transfusion of blood compared with FFP. 
Data from animal trauma studies report no difference in coagulation 
factor and anti-inflammatory profiles. Results should be interpreted with 
caution because most studies were observational and have 
heterogeneous population (military and civilian trauma) and a 
moderate risk of bias.

Well-designed prospective observational studies or, preferentially, RCTs are warranted to answer FDP’s 
effect on laboratory (coagulation factor levels), transfusion, and clinical outcomes (organ dysfunction, length 
of stay and mortality). 

PLASMA LIOFILIZZATO VS PFC NEL TRAUMA: SR E META-ANALYSIS 

Mock G et al. 2021



• Open-label, phase 3, randomised trial
• Adult trauma patients requiring an emergency pack of 

4 plasma units within 6 h of injury. 
• Randomly assigned to receive 4-FLyP units or 4-FFP 

units. 
• Primary end-point: fibrinogen concentration at 45 min 

after randomisation. 
• Secondary outcomes: time to transfusion, changes in 

haemostatic parameters at different time-points, blood 
product requirements and 30-day in-hospital mortality. 

• 48 patients were randomized (FLyP, n = 24; FFP, n = 24). 

FLyP led to a more rapid, pronounced and extended increase in fibrinogen concentrations and 
coagulopathy improvement compared with FFP in the initial management of trauma patients. 

PLASMA LIOFILIZZATO vs PFC NEL TRAUMA: RCT

• FLyP reduced the time from randomisation to 
transfusion of first plasma unit compared with 
FFP (14 vs 77 min)

• FLyP achieved a higher fibrinogen concentration 
45 min after randomisation (baseline-adjusted 
mean difference 0.29 g/L) and a greater 
improvement in prothrombin time ratio, factor V 
and factor II.  The between group differences in 
coagulation parameters remained significant at 
6 h 

• FLyP reduced fibrinogen concentrate 
requirements

• Thirty-day in-hospital mortality rate was 22% 
with FLyP and 29% with FFP

• FLyP led to a more rapid coagulopathy 
improvement than FFP

TRAUCC trial: French Lyophilised Plasma 
(FLyP) and Fresh Frozen Plasma (FFP)

Garrigue D et al. 2018



• Multicentre, allocation concealed, open-label, 
parallel group, randomised, controlled, phase 3 trial 
done in four civilian prehospital critical care services 
in the UK

• Pre-hospital two units of pRBC and LyoPlas each 
(n=209) or up to 1 litre 0.9% sodium chloride 
(n=223) in adult trauma patients with haemorrhagic 
shock and hypotension

• It did not show a difference for the composite 
endpoint mortality and/or lactate clearance

• The trial was stopped at 432/490 patients due to the 
SARS-CoV-2 pandemic.

The trial did not show that prehospital PRBC–LyoPlas resuscitation was superior to 0.9% sodium chloride for adult 
patients with trauma related haemorrhagic shock. Further research is required to identify the characteristics of 
patients who might benefit from prehospital transfusion and to identify the optimal outcomes for transfusion trials 
in major trauma. 

Crombie N et al. 2022

Lyoplas N-w

4 Pre-hospital emergency medical centres in UK

PLASMA LIOFILIZZATO vs SOC NEL TRAUMA: RCT



• Multicenter randomised clinical trial comparing either 
plasma or standard care with normal saline infusion 
(control). The primary outcome was INR on arrival at the 
hospital. Secondary outcomes included the need for 
massive transfusion and 30-day survival.

• 150 randomised patients, 134 were included in the 
analysis with 68 in the plasma group and 66 in the control 
group.

• The groups did not differ significantly in the need for 
massive transfusion (7 [10.3%] vs 4 [6.1%]; relative risk, 
1.78 [95% CI, 0.42-8.68];p = 0.37) or 30-day survival 
(hazard ratio for death, 1.07 [95% CI, 0.44-2.61]; p = 0.89). 

In this randomised clinical trial including severely injured patients at risk for hemorrhagic shock and associated 
coagulopathy, prehospital transfusion of lyophilized plasma was not associated with significant differences in 
INR values vs standard care with normal.

Jost D et al. 2022

FLyP

PLASMA LIOFILIZZATO vs SOC: RCT

French ALS teams during ground 
transportation to a level 1 trauma center



Pilot trial to assess the feasibility of transfusing freeze-dried plasma with
red blood cells (RBCs) using in an Australian aeromedical prehospital
setting.

Patients managed with prehospital RBCs randomized to receive 2 units of
freeze-dried plasma (Lyoplas N-w) or standard care (no plasma). 
• Primary outcome: proportion of eligible patients enrolled and provided

the intervention. 
• Secondary outcomes: preliminary data on effectiveness, including

mortality censored at 24 h and at hospital discharge, and adverse
events.

Mortality may have been lower in the freeze-dried plasma group at 24 h
(RR 0.24, 95% CI 0.03-1.73) and at hospital discharge (RR 0.73, 95% CI
0.24-2.27). No serious adverse events related to the trial interventions
were reported.

This first reported experience of freeze-dried plasma use in Australia suggests prehospital administration is 
feasible. Given longer prehospital times typically associated with HEMS attendance, there is potential clinical 
benefit from this intervention and rationale for a definitive trial.

Lyoplas N-w

Mitra B et al. 2023

PLASMA LIOFILIZZATO vs SOC: RCT



PLASMA LIOFILIZZATO vs SOC: REVISIONE DELLA LETTERATURA

Available high-level evidence does not support a benefit of prehospital administration of FDP to trauma patients. 
Lack of evidence of benefit in those clinical settings subjected to RCT investigation is not necessarily evidence of lack 
of benefit in all scenarios. It is possible that there is an unidentified subset of trauma patients who could benefit most 
from its use.

Sheffield WP al. 2024



PLASMA LIOFILIZZATO CARATTERISTICHE QUALITATIVE

This first next-generation FDP product preserves the potency and safety of FFP in a novel rugged,
 compressible, plastic container, for rapid transfusion. 

• Characterisation and clinical safety data of the first, next-
generation FDP stored in plastic bags with rapid 
reconstitution. Coagulation and chemistry parameters of 
FFP and their derivative FDP units were compared. 

• First-in-human, dose-escalation safety evaluation of FDP, 
involving 24 healthy volunteers who donated either whole 
blood or apheresis plasma to create autologous FDP, in 
three dose cohorts (270, 540, and 810 ml) 

• Cohort 3 was randomised, double-blind with a cross-over 
arm that compared FDP versus FFP using descriptive 
analysis for AEs, coagulation, haematology, and chemistry 
parameters. 

• FDP coagulation factors, clotting times, and product 
quality (pH, total protein, and osmolality) post-
lyophilization were preserved. 

Cancelas JA et al. 2022

Clinical dose escalation safety trial in healthy
volunteer subjects of a next-generation 
product, stored in plastic bag containers with 
rapid reconstitution for immediate infusion.



Prehospital use of freeze-dried plasma may have logistic benefits over thawed/frozen plasma and retrospective 
evidence has demonstrated feasibility, positive effects on coagulation, and when administered as bolus followed 
by pre-hospital pRBC, a capacity to reduce pRBC requirements. 

Pre-hospital blood product use 
Recommendation 4 
No clear recommendation or suggestion in 
favour or against the use of pre-hospital 
blood products can be provided at this time

The pre-hospital use of blood products is technically feasible; however, 
logistical hurdles and the scarcity of universal blood group donors, along with 
health economic challenges and financial burdens, remain subjects of ongoing 
investigation and debate. 

“Due to conflicting data and the financial burden involved in the design and 
implementation of pre-hospital pRBC and plasma transfusion programmes.., 
no clear recommendation or suggestion in favour or against the use of pre-
hospital blood products can be provided at this time. The decision to commit 
to routine pre-hospital use of blood products requires careful consideration 
by all stakeholders and must be adapted to local circumstances and settings”

Rossaint R et al. 2023

LG GESTIONE EMORRAGIA MAGGIORE E 
COAGULOPATIA NEL TRAUMA 



PRODOTTO FARMACEUTICO

Complesse carenze di fattori della coagulazione come la coagulopatia dovuta a grave 
insufficienza epatica o trasfusioni massicce.

Terapia sostitutiva nei deficit di fattori della coagulazione, quando uno specifico 
concentrato di fattori della coagulazione non è disponibile per l'uso o in 
situazioni di emergenza quando non è possibile una diagnosi di laboratorio 
precisa.

Rapida inversione degli effetti degli anticoagulanti orali, quando un 
concentrato di complesso protrombinico non è disponibile per l'uso o la 
somministrazione di vitamina K è insufficiente a causa della compromissione 
della funzionalità epatica o in situazioni di emergenza.

Emorragie potenzialmente pericolose durante la terapia fibrinolitica, utilizzando 
ad es. attivatori tissutali del plasminogeno , in pazienti che non rispondono alle 
misure

Procedure terapeutiche di plasmaferesi, comprese quelle nella porpora trombotica 
trombocitopenica

Heger, Grueber 2022

Approvazione EMA 
Feb. 2023

INDICAZIONI

Manufacturing 
process



GAPP-PRO – Piloting Gapp model approach for assessing and authorizing
novel substances of human origin preparation process”.

• La Joint Action europea ha lo scopo di testare e perfezionare la 
metodologia della precedente JA GAPP con l’obiettivo di:

• Simulare i processi di autorizzazione su nuovi prodotti nei diversi ambiti di 
attività della donazione e trapianto delle sostanze di origine umana 
(ad es. trapianto di microbiota, latte materno, collirio ecc.);

• Verificare la capacità di implementazione del modello nei diversi Stati 
Membri, con particolare riferimento ad una comune valutazione dei livelli 
di rischio;

• Testare la metodologia in un’ottica di multi-country assessment;

• Formare gli assessor;

• Testare la fattibilità di mettere in atto dei joint assessment anche 
attraverso il coinvolgimento di stakeholder dei settori dei dispositivi 
medici e delle terapie avanzate.

JOINT ACTION GAPP PRO

• Volto a testare e perfezionare la metodologia di autorizzazione di nuovi processi e prodotti
relativi a sostanze di origine umana.

• Tra i prodotti/processi innovativi in corso di valutazione anche il plasma liofilizzato.



Dried Plasma Subgroup

Challenges: 
• Availability of the technology for local production
• Source limitations: Demand of plasma for fractionation
• Regulatory aspects: Blood product versus drug

EBA - DRIED PLASMA SUBGROUP

The main focus of the Dried plasma WG:
• Support the inclusion of dried plasma in the 

EDQM Blood Guide
• Understand the demand and clinical use ➢ 

Survey of EBA member states 
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• Approccio attualmente valutabile nel contesto pre-
ospedaliero emergenziale militare e civile. 

• Possibile estensione, in un futuro, ad un più ampio 
utilizzo clinico, in considerazione degli evidenti 
vantaggi tecnici e logistici?

• Sono necessari ulteriori studi volti ad identificare le 
caratteristiche dei pazienti che potrebbero 
beneficiarne dell’utilizzo nel contesto emergenziale, 
con una migliore definizione e standardizzazione  di 
outcomes primari e secondari, e con il supporto 
degli strumenti POC.  

• E’ necessaria una valutazione opportuna in relazione 
al rapporto costo/beneficio anche alla luce 
dell’attuale contesto geopolitico che rende più
insistente la richiesta di tali prodotti.



Sooner or later, everything old is new again! 
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