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HISTOIRE!DE!LA!TRANSFUSION!

1628!

Le!physicien!britannique!Harvey!découvre!la!

circulaUon!sanguine!

!

!

!

!

XVII!et!XVIIIèmes!siècles!!

1658!
Le!microscopiste!Jan!Swammerdam!

observe!et!décrit!les!globules!rouges!

15!Juin!1665!
Jean!BapUste!DENIS!médecin!personnel!de!

Louis!XIV!rapporte!avec!succès!la!transfusion!de!
sang!d’agneau!à!l’homme!!



HISTOIRE!DE!LA!TRANSFUSION!

1828!

L’obstétricien!britannique!James!Blundell!sera!le!

premier!à!sauver!une!paUente!vicUme!d’une!hémorragie!

de!la!délivrance!en!transfusant!du!sang!humain!

!

!

!

!

XIXème!siècle!!



HISTOIRE!DE!LA!TRANSFUSION!

1901!

Karl!Landsteiner!décrit!le!système!ABO!et!les!

transfusions!commencent!à!devenir!plus!

sûres.!

!

!

!

!

XXème!siècle!!
!!

1907!
Ludwig!Hektoen!suggère!de!compaUbliser!entre!donneur!et!

receuveur!pour!eviter!les!mélanges!incompaUbles!
Reuben!Odenberg!réalise!la!première!transfusion!en!typant!et!

compaUbilisant!le!sang!

27!Mars!1914!
Albert!HusUn!médecin!belge!réalise!la!

première!transfusion!non!direct!par!
bocal!grâce!à!ses!travaux!sur!le!citrate!



HISTOIRE!DE!LA!TRANSFUSION!

WWI!!

Joue!un!rôle!de!catalyseur!dans!le!

développement!des!banques!de!sang!et!des!

techniques!de!transfusion!

!

!

!

XXème!siècle!!
!!

1940!
Découverte!du!groupe!Rhésus!par!Lansteiner,!Levin,!Wiener!et!

Stetson!
Edwin!Conn!découvre!le!fracUonnement!du!sang!total!

WWII!
Programmes!naUonaux!de!collecte!de!sang!pour!les!vicUmes!

de!guerre!
Les!soldats!de!Pearl!Harbour!reçoivent!de!l’Albumine!

Le!plasma!desséché!devient!une!composante!importante!du!
traitement!des!blessés.!!!



HISTOIRE!DE!LA!TRANSFUSION!
XXème!siècle!!
!!

Une!des!conséquences!directes!de!la!nécessité!de!disposer!de!grande!quanUtés!de!
produits!sanguins!pour!traiter!les!nombreux!blessés!de!guerre!a!été:!

!l!le!développement!du!fracUonnement!des!produits!sanguins!afin!de!pouvoir! !
!bénéficier!au!plus!grand!nombre!de!blessés!!

!l!l’amélioraUon!des!soluUons!de!conservaUon!afin!de!pouvoir!transporter!les!
!produits!sur!des!théâtres!de!conflit!éloignés.!!

Avec!l’amélioraUon!du!processus!de!fracUonnement!entre!les!années!1940!et!1980,!

l’uUlisaUon!de!sang!total!fut!progressivement!abandonnée!



HISTOIRE!DE!LA!TRANSFUSION!

La!transfusion!de!sang!total!une!praUque!uniquement!militaire!?!!

–  107!millions!de!dons!sanguins/an!dont!la!moiUé!dans!les!pays!à!haut!niveau!de!revenus!

–  25!pays!ne!sont!pas!en!mesure!de!dépister!les!infecUons!recommandées!par!l’OMS!

–  La!transfusion!de!sang!total!représente!respecUvement!60!!et!22!%!des!transfusions!dans!les!

pays!à!faibles!et!moyens!niveau!de!revenu!!

!

!

!

!

XXIème!siècle!!

WHO!Fact!sheet!n°!279!updated!in!June!2013!



!
LA!TRANSFUSION!DE!SANG!TOTAL!AU!XXIème!!

SIECLE!

!La!transfusion!de!sang!total!en!milieu!civil!et!militaire!une!seule!et!même!praUque!?!

–  En!milieu!civil!collecte!de!sang!total!et!stockage!pour!transfusion!le!plus!souvent!à!distance!

(FWB)!par!manque!de!possibilité!de!fracUonnement!

–  En!milieu!militaire!collecte!de!sang!total!pour!transfusion!en!urgence!(WWB)!par!manque!de!

produits!sanguins!fracUonnés:!transfusion!en!situaUon!d’excepUon!

–  Quelle!différence:!DestrucUon!plaquedaire!à!4°C!et!altéraUon!de!la!qualité!du!sang!en!
foncUon!du!temps!de!stockage!

!

!

!

!



INDICATIONS DE LA TRANSFUSION DE SANG TOTAL  

•  IndicaUons!collecUves:!Ressources!insuffisantes!en!PSL!

!

•  IndicaUons!individuelles:!Transfusion!massive!ou!échec!de!
l’hémostase!par!administraUon!de!produits!sanguins!fracUonnés!!
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FICHE « DEROGATOIRE » DE RECOURS 
AU SANG TOTAL 

 

SI LES REGLES MINIMALES DE SECURITE TRANSFUSIONNELLE (GS FIABLE) ET DE TRAÇABILITE SONT 
RESPECTEES, DES DEROGATIONS DOIVENT ETRE TOLEREES, SANS POUR AUTANT DEROGER AUX 

EXIGENCES ETHIQUES, DES QUE L’EVALUATION BENEFICE/ RISQUE PLAIDE EN FAVEUR DU GESTE 
TRANSFUSIONNEL QUI NE PEUT ETRE DIFFERE. 

1. PRESCRIPTION DE COLLECTE DE SANG TOTAL : 
  

Circonstances : PATIENT hémorragique grave     AFFLUX massif   

Nom de naissance : ………………………. Prénom : ………………. Nationalité :…………….. 

Date de naissance :  ... / … / ….. Groupe sanguin : .…………….. Unité OPEX : …………… 

1.1. Liste des indications « validées » par les experts (et/ou) : 
 Mécanismes : explosion avec risque de lésions de blast. 

 Lésions : traumatismes majeurs, lésions multiples, présence d’un traumatisme crânien grave. 

 Etat de choc hémorragique. 

 Présence de facteurs interférant avec la coagulation : température < 36°C, hémoglobine <10 g/dl, TP < 40%, 
fibrinogène < 1g/l, pH < 7,30. 

 Ressource insuffisante en Produits Sanguins Labiles de banque. 

 Hémostase chirurgicale difficile  

1.2. Nb de donneurs à prélever : ………….… de groupe sanguin   …… 
Date, Heure, Nom et Signature du Médecin anesthésiste-réanimateur prescripteur de la collecte de sang total : 

 
 

1.3. Nb de donneurs prélevés : ……………….. 

1.4. Nb de poches qualifiées : ………………… 

1.5. Evénements indésirables graves : ………………………………… 

2. PRESCRIPTION D’UNE TRANSFUSION DE SANG TOTAL : 1 Fiche / patient transfusé 

2.1. Liste des indications « validées » par les experts : 
 En cas de transfusion massive : besoins > 5 CGR en 3h ou 10 CGR en 24h. 

 Echec de l’hémostase chirurgicale et des traitements préservant la coagulation : besoin en plaquettes. 

 Ressource insuffisante en Produits Sanguins Labiles de banque. 

2.2. Nb de poches de sang total transfusées : …………………………. 

2.3. Evénements indésirables graves : ………………………………… 

3. DEVENIR DU PATIENT : 
      Transféré (où ?)  ………………..………………………..       Décédé. 

Date, Heure, Nom et signature du Médecin anesthésiste-réanimateur 
responsable de la transfusion de sang total : 
 
 
 
 

Unité de soutien santé : 

…………………. 

OPEX : 

……………. 

1 copie à retourner au CTSA 
1 rue Lt Raoul Batany, BP 410 

92140 CLAMART 
Tél. : 01.41.46.72.25 / 72.56 

Fax : 01.46.38.82.87 / clavier@ctsa-



DE!LA!THEORIE!A!LA!PRATIQUE!

ANTICIPER!

•  RECHERCHE!DE!DONNEURS!
VOLONTAIRES!AVANT!DEPART!



DE!LA!THEORIE!A!LA!PRATIQUE!

ANTICIPER!

•  SELECTIONNANT!LES!
DONNEURS!VOLONTAIRES!
AVANT!DEPART!

•  REALISANT!UNE!DOUBLE!
DETERMINATION!DE!GROUPE!
SANGUIN!REPORTEE!DANS!LE!
LMR!

•  LISTANT!LES!DONNEURS!
VOLONTAIRES!SELON!LEUR!
GROUPE!SANGUIN!
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FT - QUESTIONNAIRE ANONYME DE PRESELECTION 
POUR DONNEUR DE SANG VOLONTAIRE EN OPEX 

 

réalisé AVANT départ en OPEX, ne sera pas conservé 
 
 

 

Entourez la bonne réponse 
 

 
- Le donneur est volontaire pour un don de sang total en OPEX. ………………..…….  OUI       NON 
 
- Le donneur se considère en bonne santé …………………………………..…………. OUI       NON 
 
- Le donneur a-t-il déjà donné son sang ?  …………………………….…………….…. OUI       NON 

  Si oui date dernier don : …………………………… Incident ?  ………………………. OUI       NON 
 
- A-t-il été refusé pour un don de sang ?  …………………………..…………. OUI0       NON 

  Motif ? …………………………………………………………….. 

 
- A-t-il été malade ou hospitalisé depuis un an ?  …………………….…………. OUI       NON 

  Motif ? …………………………………………………………….. 

 
- A-t-il été transfusé ou greffé à partir d’un autre donneur ?  ……….………………..……. OUI 1     NON 
 
- A-t-il été traité par l’hormone de croissance avant 1989 ?  ………………………...……. OUI 1     NON 
 
- A-t-il eu une chirurgie neurologique ou ophtalmologique avant le 01.04.2001 ?.....…...……. OUI 1     NON 
 
- A-t-il dans sa famille une maladie de Creutzfeld Jacob ?  ……………..….……………. OUI 1     NON 
 
- A-t-il été traité pour un cancer ?  ………………………………………………………. OUI 1     NON 
 
- Fait-il des malaises ?  …………………………………….……………….………. OUI 2     NON 
 
- A-t-il ou un de ses proches, des antécédents d’hépatite virale ?  ……………………… OUI 3     NON 
 
- A-t-il fait des séjours hors métropole ?   ……………………………………..………. OUI 4     NON 

  Lieux ? …………………………………..  Durée ? ………..……… 
 
- A-t-il connu (ou rencontré) des situations à risque, même très anciennes : accident d’exposition au sang, endoscopie 
avec matériel souple, nouveau partenaire sexuel, toxicomanie IV1, tatouage, homosexualité masculine1, piercing) 

· sans contrôles sérologiques (Hépatites, VIH, HTLV, syphilis) ?  ………..….….……..….…. OUI 3     NON 

· avec contrôles sérologiques au moins 4 mois après l‘épisode à risque ……..….….……. OUI       NON 
 

Le donneur reconnaît avoir compris les questions posées et y avoir répondu sincèrement OUI       NON 
 

--------------------------------------------------------------------------------------------------------------------------------------------- 
0) Contre-indication (CI) définitive tant que la raison de l’exclusion n’est pas connue. 
1) CI définitive, sauf pour cancer in-situ totalement guéri. 
2) N’est pas une CI systématique mais doit faire rechercher des pathologies contre-indiquant le don (épilepsie, diabète 

insulinodépendant, cardiopathie, etc.). 
3) Nécessite de faire des sérologies avant le don, en respectant le délai de 4 mois après exposition au risque. 
4) N’est pas une CI mais peut orienter vers des pathologies ou circonstances limitant les dons (séjour en zone d’endémie 

palustre = CI 4 mois après retour et contrôle sérologique à l’issue, crise de paludisme documentée = 3 ans de CI après 
guérison, maladie de Chagas = CI définitive, partenaire originaire d’un pays endémique pour les hépatites virales ou le VIH 
= nécessité de sérologies avant le don, en respectant le délai de 4 mois après l’exposition au risque). 

7/50 



DE!LA!THEORIE!A!LA!PRATIQUE!

ANTICIPER!

•  LA!PENURIE!DE!PRODUITS!
SANGUIN!LABILES!EN!
DECLENCHANT!UNE!COLLECTE!
DE!SANG!TOTAL!

•  LA!NCESSITE!D’UNE!
TRANSFUSION!MASSIVE!



DE!LA!THEORIE!A!LA!PRATIQUE!

SELECTIONNER!

•  APPEL!A!VOLONTAIRE!DANS!
LE!LISTING!POUR!
TRANSFUSION!EN!ISOGROUPE!

•  CONTROLE!DU!GROUPE!SUR!
LE!LMR!

•  REMPLISSANT!A!NOUVEAU!
UN!QUESTIONNAIRE!PRE!DON!
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PARTIE A VALIDER PAR LE MEDECIN 

22/50 
Recto 

 
FICHE D’INTERROGATOIRE SIMPLIFIE 

ET DE SUIVI D’UN DON DE SANG TOTAL EN OPEX 
A adresser en CONFIDENTIEL MEDICAL au CTSA (Tél. 01.41.46.72.25 / 72.56) avec les tubes échantillons 

 
 
 
 
 
 
 
 
 
 
 

 

Entourez la bonne réponse 
 

- Le donneur est volontaire pour un don de sang total en OPEX et accepte que les tubes échantillons soient adressés 

au CTSA pour analyses complémentaires et biothèque  ----------------------------------------------  OUI      NON 
 
- Le donneur a-t-il déjà donné son sang ?  ---------------------------------------------------------  OUI      NON 
  Si oui date dernier don : …………………………… Incident ?  ----------------------------  OUI      NON 
 
- A-t-il été refusé pour un don de sang ?  ------------------------------------------------  OUI0     NON 
  Motif ? …………………………………………………………….. 
 
- A-t-il été transfusé ou greffé à partir d’un autre donneur ?  --------------------------------------  OUI 1     ON 
 
- A-t-il été malade : fièvre, troubles digestifs ou urinaire, bronchite, etc. ?  -------------------  OUI 2    NON 
 
- Pour une femme : 
Est-elle enceinte ?   -----------------------------------------------------------------------------  OUI 2    NON 
A-t-elle accouché ou eu 1 interruption de grossesse depuis moins de 6 mois ? -------------------  OUI      NON 
 
- A-t-il pris des médicaments dans les huit jours ?   --------------------------------------  OUI 2    NON 
  Lesquels ? ………………………………………………………… 
 
- A-t-il été traité pour un cancer ?  -------------------------------------------------------------------  OUI 1    NON 
 
- A-t-il ou un de ses proches, des antécédents d’hépatite virale ?  ----------------------------  OUI 2    NON 
 
- A-t-il fait des séjours hors métropole ?  (pour UK, prendre en compte bénéfice/risque)------------------  OUI 2    NON 
  Lieux ? …………………………………..  Durée ? ………..……… 
  Exposition au risque de paludisme (non CI absolue, prendre en compte bénéfice/risque) ---------------- OUI      NON 
 
- A-t-il eu des comportements à risque, même très anciens (accident d’exposition au sang, endoscopie avec matériel souple, 
nouveau partenaire sexuel, toxicomanie IV1, tatouage, homosexualité masculine1, piercing). 

· sans contrôles sérologiques (Hépatites, VIH, HTLV, syphilis) ?  …------------------------- 
 OUI 2    NON 

· avec contrôles sérologiques au moins 4 mois après le comportement à risque            OUI      NON 
 

Le donneur reconnaît avoir compris les questions posées et y avoir répondu sincèrement OUI      NON 
 

-------------------------------------------------------------------------------------------------------------------------------------------- 
0 –  Contre-indication (CI) définitive tant que la raison de l’exclusion n’est pas connue. 
1 – CI définitive, sauf pour cancer in-situ totalement guéri. 
2 –CI ponctuelle dont la durée est fonction du contexte (temps de contagiosité ou d’altération de l’EG, grossesse + 6 mois, 
aspirine = 5 j, AINS = 1 j, antibiotiques = 7 j après arrêt, risque viral = 4 mois puis selon résultats des sérologies). En zone 
impaludée, le risque paludique est tracé et justifiera d’une analyse a posteriori mais ne contre indique pas le don. 

NOM de naissance : ……………………………… PRENOM : ………………………. 
  
Date de naissance : ………… Matricule :……………. Nationalité : ……………. 
 
Unité en OPEX : …………………….…… Unité en métropole : …………….………….. GRADE : ……... 
 
Adresse personnelle : …………………………….………………… N° Téléphone personnel : ………….. 
 
Groupe sanguin : ………………. Nature du document de référence : ………………………. 

 coller ici l’étiquette 
d’identification du 

don sans code barre 

 Signature du donneur : 
 



DE!LA!THEORIE!A!LA!PRATIQUE!

PRELEVER!
•  POCHE!>!400!mL!et!<!550mL!

•  1!POCHE!PAR!DONNEUR!
•  ConservaUon!6!heures!à!
température!ambiante!et!si!
besoin!de!la!6ème!à!la!24ème!

heure!entre!+2!et!+6°C!

 
- Le donneur a-t-il  déjà donné votre sang ?     OUI NON 

Si oui date:    sang total ou aphérèse           incident ? 
 

- A-t-il  été refusé pour un don de sang ?     OUI NON 
Motif? 
 

- A-t-il  été malade ou hospitalisé depuis un an ?     OUI NON 
Motif ? 
 

- A-t-il été transfusé ?         OUI NON  
 
- A-t-il été traité par l’hormone de croissance extractive ?   OUI NON 

 
- Y a-il dans sa famille une maladie de Creutzfeld Jacob ?   OUI NON 

 
- Fait-il des malaises ?         OUI NON 
  
-  Fait-il des accidents allergiques ?       OUI NON 

 
- Antécédents d'hépatite virale ?      OUI NON 

 
- A-t-il eu des soins dentaires dans les huit jours ?     OUI NON 

 
- A-t-il pris des médicaments dans les huit jours ?     OUI NON 

Lesquels ? 
 

- A-t-il fait des séjours outre-mer au cours des 3 dernières années ?  OUI NON 
Lieux ? Durée? Prophylaxie? 

  
 

- A-t-il eu un comportement à risque  
(nouveau partenaire sexuel dans les 6 mois,  
toxicomanie IV, homosexualité, ….) ?     OUI NON 

 
- A-t-il eu un accident d’exposition au sang dans les 6 mois ?   OUI NON 

 Signature du donneur : 



DE!LA!THEORIE!A!LA!PRATIQUE!

QUALIFIER!

•  GROUPAGE!SANGUIN!!
•  TEST!RAPIDE!D’ORIENTATION!
DIAGNOSTIQUE!HIV!VHC!

•  ASSURER!LA!TRACABILITÉ!
TOUT!AU!LONG!DE!LA!CHAINE!

27.07.2010 / CTSA   
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FICHE TECHNIQUE DE CONTROLE DE GROUPE ABO, D 
ET DE DEPISTAGE DES ANTICORPS VIH SUR UN PRELEVEMENT DE 

SANG TOTAL EN SITUATION D’EXCEPTION 
 

 
 
1. PREPARER LES TUBES ECHANTILLONS UTILES A LA QUALIFICATION 

BIOLOGIQUE DU DON 
o Contrôler la concordance des codes barre sur la poche de sang, la fiche de suivi et les tubes 

échantillons. 
o Placer 1 tube violet et 1 tube jaune avec gel centrifugé sur un portoir pour analyse sur place. 
o  Placer 1 tube violet + 2 tubes jaunes avec gel centrifugés dans l’enveloppe à bulle pour envoi 

au CTSA 
 
 
2. CONTROLE DU GROUPE ABO, D DU SANG PRELEVE 
o Prendre une plaque à usage unique, des réactifs pour recherche des antigènes de groupe sanguin 

(technique Beth-Vincent : anti-A, anti-B, anti-A+B, anti-D et contrôle négatif de l’anti-D), des 
compresses propres non stériles, des tubes échantillons vides, des comptes goutte ou équivalent. 

 
 
o Identifier les cupules devant recevoir l’antiglobuline. 
o Déposer 2 gouttes de réactifs sur la plaque d’opaline, en ligne et à une distance respective d’au 

moins 3 cm, à l’aide du compte goutte du flacon correspondant. 
o Contrôler la concordance des codes barre sur la poche de sang, la fiche de suivi et le tube 

échantillon (violet). 
o Homogénéiser le tube violet doucement. 
o Prélever avec 1 compte goutte, 1 petite goutte de sang total prélevé dans le tube violet et la 

déposer sur la goutte d’antiglobulne (sans toucher le réactif avec le compte goutte). 
o Homogénéiser chaque mélange avec le fond d’un tube échantillon propre que l’on essuiera bien 

entre chaque mélange. 

A B AB D / 
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PARTIE A RENSEIGNER PAR LE MEDECIN 

PARTIE A RENSEIGNER PAR LE PRELEVEUR 

PARTIE A RENSEIGNER PAR L’OPERATEUR DE LA QUALIFICATIONBIOLOGIQUE DU DON  
(QBD) 

 

23/50 
Verso 

FICHE D’INTERROGATOIRE 
ET DE SUIVI D’UN DON DE SANG TOTAL EN OPEX 

 
Décision du médecin : Don accepté.    Don refusé    
 
Commentaires éventuels du médecin ayant interrogé le donneur : 

………………………………………………………………………………………………… 

………………………………………………………………………………………………… 
 
Nom du Médecin : …………………………………… Signature : 
 
 
 
 
DON :  prélevé   non prélevé 
 
 
  Conforme*   non-conforme  
* Conforme = poche ≥ 400 mL et ≤ 550mL sans incident, tubes-échantillons prélevés. 
Date et Heure du prélèvement : ……………………………… 
 
 
Nom du Préleveur : …………………………………… Signature : 
 
  
N° de Don :  
 
 
 
  
 
 
 
 
Groupe ABO       Rh1 (D) 
à partir tube violet      à partir tube violet 
 
 
Sérologie VIH réalisée à l’aide du test …     N° de lot ..  
à partir tube jaune centrifugé 
 

Résultat du test VIH rapide : … 
 

 
 

…………………… ……...… 

…………………… 

coller ici l’étiquette 
d’identification du don 

AVEC code barre 

1 copie à retourner au CTSA 
1 rue R. Batany – BP 410 
92141 CLAMART cedex 

Tél. : 01.41.46.72.25 
Fax : 01.46.38.82.87 / clavier@ctsa-armees.fr 

NOM /qualité de l’opérateur QBD : 
……………………………………………. 

Signature : 



DE!LA!THEORIE!A!LA!PRATIQUE!

TRANSFUSER!

•  CONTROLE!ULTIME!PAR!BETH!VINCENT!AVANT!TRANSFUSION!

•  TRANSFUSION!EN!ISOGROUPE!

10/15/13 11:24 PM
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AVANTAGES!

SANG!TOTAL!

• VOLUME!400l500!ML!

• Ht:!33l43%!
•  Plq:!130!à!350000/
mm3!

•  86!%!d’acUvité!des!
facteurs!de!
coagulaUon!

SANG!RECONSTITUÉ!

• VOLUME!660!mL!

• Ht:!29%!
•  Plq:!88000/mm3!

•  65%!d’acUvité!des!
facteurs!de!
coagulaUon!

Armand!R!et!coll.!Transfus(Med(Rev!2003;!17:223l231!

REMPLACEMENT!DES!PERTES!SANGUINES!PAR!UN!SANG!IDENTIQUE!
!



AVANTAGES!

•  SANG!TIEDE!ET!FRAIS!!
•  AMELIORATION!POTENTIELLE!DE!LA!SURVIE!DES!
PATIENTS!RECEVANT!DU!ST!!!

•  EVITE!LE!GASPILLAGE!

Spinella!PC!et!Coll.!J!Trauma.!2009!Apr;66(4!Suppl):S69l76!

Nessen!SC!et!Coll.!Transfusion.!2013!Jan;53!Suppl!1:107Sl113S!

O R I G I N A L A R T I C L E

Fresh whole blood use by forward surgical teams in Afghanistan
is associated with improved survival compared to component

therapy without platelets

Shawn C. Nessen, Brian J. Eastridge, Daniel Cronk, Robert M. Craig, Olle Berséus, Richard Ellison,
Kyle Remick, Jason Seery, Avani Shah, and Philip C. Spinella

BACKGROUND: In Afghanistan, a substantial portion of
resuscitative combat surgery is performed by US Army
forward surgical teams (FSTs). Red blood cells (RBCs)
and fresh frozen plasma (FFP) are available at these
facilities, but platelets are not. FST personnel frequently
encounter high-acuity patient scenarios without the
ability to transfuse platelets. An analysis of the use of
fresh whole blood (FWB) at FSTs therefore allows for an
evaluation of outcomes associated with this practice.
STUDY DESIGN AND METHODS: A retrospective
analysis was performed in prospectively collected data
from all transfused patients at six FSTs from December
2005 to December 2010. Univariate analysis was per-
formed, followed by two separate propensity score
analyses. In-hospital mortality was predicted with the
use of a conditional logistic regression model that incor-
porated these propensity scores. Subset analysis
included evaluation of patients who received uncross-
matched Type O FWB compared with those who
received type-specific FWB.
RESULTS: A total of 488 patients received a blood
transfusion. There were no significant differences in age,
sex, or Glasgow Coma Scale in those who received or
did not receive FWB. Injury Severity Scores were higher
in patients transfused FWB. In our adjusted analyses,
patients who received RBCs and FFP with FWB had
improved survival compared with those who received
RBCs and FFP without FWB. Of 94 FWB recipients, 46
FWB recipients (49%) were given uncrossmatched Type
O FWB, while 48 recipients (51%) received type-specific
FWB. There was no significant difference in mortality
between patients that received uncrossmatched Type O
and type-specific FWB.
CONCLUSIONS: The use of FWB in austere combat
environments appears to be safe and is independently
associated with improved survival to discharge when
compared with resuscitation with RBCs and FFP alone.
Mortality was similar for patients transfused
uncrossmatched Type O compared with ABO type-
specific FWB in an austere setting.

INTRODUCTION

With the end of combat operations in Iraq, attention to
Afghanistan has returned. There, a substantial portion of
resuscitative surgery has been performed by 20 personnel
US Army forward surgical teams (FSTs) or similar units.
Many of these teams have been split to more widely dis-
seminate surgical care platforms.1 FSTs doctrinally carry
only 20 units of red blood cells (RBCs), but currently in
Afghanistan they are augmented with fresh frozen plasma
(FFP) and some with cryoprecipitate. Platelets (PLTs) are
not available.1-4 The concept of damage control resuscita-
tion with the use of RBCs, FFP, and PLTs in balanced ratios
that approximate those of whole blood has been sup-
ported by several recent publications in the military and
civilian trauma literature.5-11 Although these studies are
retrospective in nature, the military has adopted a clinical
practice guideline recommending 1:1:1 unit ratios of these
blood components. In addition, current theater clinical
practice guidelines recommend the use of fresh whole
blood (FWB) be reserved for “casualties who are antici-
pated to require massive transfusion (10 or more units of
packed RBCs in 24 hr), for those with clinically significant
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Risks associated with fresh whole blood and red blood cell
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Between January 2004 and De-
cember 2004, 3,287 patients
were treated at the 31st Com-
bat Support Hospital (CSH) in

Baghdad for traumatic injuries. Most of-
ten in the patients requiring transfusion,
blood components—red blood cells
(RBCs), fresh frozen plasma, and cryopre-
cipitate—were utilized to replace blood
loss. These stored blood components are

supplied by the Armed Services Blood
Program from donations collected and
processed in the United States and trans-
ported overseas to military medical facil-
ities. Because of the time required to
transport blood products and the short
shelf life of 5 days, platelets were not
available during the study period. Thus,
in some instances fresh whole blood
(FWB) was transfused as a source of fresh

platelets, but also when RBCs or cryopre-
cipitate could not be processed rapidly
enough for multiple casualties. At the
CSH in Baghdad in 2004, with increased
familiarity and anecdotal experience that
patients improved with its use, FWB be-
gan to be transfused in preference to
stored RBCs and fresh frozen plasma. The
rationale was FWB would provide fresh
(not stored) fully functional hemoglobin,
coagulation factors, and platelets for pa-
tients at high risk of mortality from hem-
orrhagic shock; FWB may be more func-
tional or efficient than stored blood
components (1–4). U.S. military doctrine
supports transfusion of fresh or stored
whole blood for patients with life-
threatening traumatic injuries (5). Indi-
cations for the use of FWB at our CSH
included patients who were at risk for
massive transfusion with life-threatening
injuries; these have been previously pub-

Objective: Fresh whole blood (FWB) and red blood cells (RBCs) are
transfused to injured casualties in combat support hospitals. We evalu-
ated the risks of FWB and RBCs transfused to combat-related casualties.

Design: Retrospective chart review.
Setting: Deployed U.S. Army combat support hospitals.
Subjects: Donors of FWB and recipients of FWB and RBCs.
Measurements and Results: The storage age of RBCs at trans-

fusion was measured as an indicator of overall risk associated with
the storage lesion of RBCs between January 2004 and December
2004 at one combat support hospital. Between April 2004 and De-
cember 2004, FWB was prescreened only at one combat support
hospital for human immunodeficiency virus, hepatitis C virus, and
hepatitis B surface antigen before transfusion. To estimate the gen-
eral incidence of infectious agent contamination in FWB units, sam-
ples collected between May 2003 and February 2006 were tested
retrospectively for human immunodeficiency virus, hepatitis B sur-
face antigen, hepatitis C virus, and human lymphotropic virus. Re-
sults were compared between FWB samples prescreened and not
prescreened for infectious agents before transfusion. At one combat
support hospital in 2004, 87 patients were transfused 545 units of
FWB and 685 patients were transfused 5,294 units of RBCs with a

mean age at transfusion of 33 days (!6 days). Retrospective testing
of 2,831 samples from FWB donor units transfused in Iraq and
Afghanistan between May 2003 and February 2006 indicated that
three of 2,831 (0.11%) were positive for hepatitis C virus recombinant
immunoblot assay, two of 2,831 (0.07%) were positive for human
lymphotropic virus enzyme immunoassay, and none of 2,831 were
positive for both human immunodeficiency virus 1/2 and hepatitis B
surface antigen by Western blot and neutralization methods, respec-
tively. The differences in the incidence of hepatitis C virus contam-
ination of FWB donor units between those prescreened for hepatitis
C virus (zero of 406; 0%) and not prescreened (three of 2,425; 0.12%)
was not significant (p " .48).

Conclusions: The risk of infectious disease transmission with
FWB transfusion can be minimized by rapid screening tests before
transfusion. Because of the potential adverse outcomes of transfus-
ing RBCs of increased storage age to combat-related trauma pa-
tients, the risks and benefits of FWB transfusions must be balanced
with those of transfusing old RBCs in patients with life-threatening
traumatic injuries. (Crit Care Med 2007; 35:●●●–●●●)
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Fresh Whole Blood Transfusion: A Controversial
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The transfusion of fresh whole blood
(FWB) for trauma-induced coagulopathy
is unusual in civilian practice. However,
US military physicians have used FWB in
every combat operation since the practice
was introduced in World War I and con-
tinue to do so during current military op-
erations. We discuss our review of all

blood products administered to US mili-
tary casualties in Operation Iraqi Free-
dom (OIF) between March and December
2003. FWB transfusions were most fre-
quent when demands for massive transfu-
sions wiped out existing blood supplies.
FWB patients had the highest blood prod-
uct requirements; however, mortality did

not differ significantly between FWB and
non-FWB patients overall or for massively
transfused patients. We review the cur-
rent military practice of FWB transfusion
in combat theaters and conclude that
FWB transfusion is convenient, safe, and
effective in certain military situations.

J Trauma. 2006;61:181–184.

Fresh whole blood (FWB) transfusions for traumatic hemor-
rhage and coagulopathy gradually fell out of favor in civil-
ian hospitals as licensed blood components became widely

available after World War II. Compared with blood components
that can be processed, tested, freeze-dried, packaged, stored,
shipped, and reconstituted, fresh whole blood was considered to
be logistically impractical, wasteful, and unsafe. Military phy-
sicians, however, never lost sight of the known benefits of whole
blood,1–4 and the practice of FWB transfusion from combat
hospitals in World War II5–7 continues to this day. Military
surgical teams utilize FWB by relying on a “walking blood
bank” of soldier donors when blood requirements outpace sup-
plies or when coagulopathic patients require blood products
unavailable at their current echelon of care—two conditions that
often coincide. During the first Gulf War, FWB was used to treat
several coagulopathic patients when platelet supplies ran short. It
became the major blood product used in Somalia when the
supply of tested packed red blood cells (PRBC) was exhausted,
and it was used to treat profoundly coagulopathic casualties in
Bosnia and Kosovo, accounting for 12% and 13%, respectively,

of all red blood cells used.8–10 More recently, FWB was used in
13% of all transfused patients in Operation Iraqi Freedom (OIF).

FWB IN OPERATION IRAQI FREEDOM
Information from the US Army Blood Program was

gathered for the purpose of analysis of transfusion practices
in OIF after approval from the Brooke Army Medical Center
Institutional Review Board. During the first 10 months of
OIF, between March and December 2003, a total of 2,349
units of blood products were transfused to 281 patients (Table
1). Thirty-six of 281 (13%) patients received FWB, with
these patients having greater overall blood product transfu-
sion requirements than those who did not receive FWB,
receiving 29 ! 15 units of blood products compared with
5.3 ! 5.1 units (p " 0.001). FWB accounted for 23% of the
total products transfused in these 36 patients. Patients receiv-
ing FWB were transfused 14.3 ! 7.5 units of packed red
blood cells (PRBC), significantly more than the 4.8 ! 4.2 red
cell units transfused in non-FWB patients (p " 0.001). The
same was true for fresh frozen plasma (FFP), with 8.2 ! 5.2
units being given to the FWB group and 3.6 ! 2.6 units to the
non-FWB group (p " 0.001). All 281 patients received at
least one unit of PRBC, (range 1–35 units). Massive transfu-
sion (defined as the transfusion of #10 units RBC inclusive
of FWB) was required by 60 of 281 patients (21%). Twenty-
six of the 36 FWB patients (72%) were massively transfused.
Average blood product requirements in massively transfused
FWB patients were more than twice those of massively trans-
fused non-FWB patients: 33 ! 15 units versus 15 ! 6.1 units.
Twice the proportion of FWB patients (88%) received FFP as
non-FWB patients (44%).

Mortality data were unavailable for 15 patients, none of
whom had received FWB. There were a total of 35 deaths
among the 266 patients with known outcomes, for an overall
mortality rate of 13%. Seven of the 36 FWB patients died
(19%), which did not differ significantly from the 12% (28/
230) mortality in the non-FWB group (p $ 0.44). Mortality
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Conclusions:!Dans!la!majorité!des!scénarios,!les!besoins!en!sang!
dépasseront!les!capacités!d’approvisionnement!en!moins!de!trois!jours!

compte!tenu!du!fait!qu’il!faudrait!fournir!2!à!8!fois!plus!de!sang!que!lors!du!
tremblement!de!terre!de!Bam!!

Tabatabaie!MF!et!coll.!Prehosp!Disaster!Med.!2010!MaylJun;25(3):246l52!!
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Abstract
Introduction: Tehran, Iran, with a population of approximately seven million
people, is at a very high risk for a devastating earthquake. This study aims to esti-
mate the number of units of blood required at the time of such an earthquake. 
Methods: To assume the damage of an earthquake in Tehran, the researchers
applied the Centre for Earthquake and Environmental Studies of
Tehran/Japan International Cooperation Agency (CEST/JICA) fault-activa-
tion scenarios, and accordingly estimated the injury-to-death ratio (IDR),
hospital admission rate (HAR), and blood transfusion rate (BTR). The data
were based on Iran’s major earthquakes during last two decades. The following
values were considered for the analysis: (1) IDR = 1, 2, and 3; (2) HAR = 0.25
and 0.35; and (3) BTR = 0.05, 0.07, and 0.10. The American Association of
Blood Banks’ formula was adapted to calculate total required numbers of Type-
O red blood cell (RBC) units. Calculations relied on the following assumptions:
(1) no change in Tehran’s vulnerability from CEST/JICA study time; (2) no
functional damage to Tehran Blood Transfusion Post; and (3) standards of
blood safety are secure during the disaster responses. Surge capacity was esti-
mated based on the Bam earthquake experience. The maximum, optimum, and
minimum blood deficits were calculated accordingly. 
Results: No deficit was estimated in case of the Mosha fault activation and the
optimum scenario of North Tehran fault. The maximum blood deficit was esti-
mated from the activation of the Ray fault, requiring up to 107,293 and 95,127
units for the 0–24 hour and the 24–72 hour periods after the earthquake,
respectively. The optimum deficit was estimated up to 46,824 and 16,528 units
for 0–24 hour and 24–72 hour period after the earthquake, respectively. 
Conclusions: In most Tehran earthquake scenarios, a shortage of blood was
estimated to surge the capacity of all blood transfusion posts around the coun-
try within first three days, as it might ask for a 2–8 times more than what the
system had produced following the Bam earthquake. 
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Estimating Blood Transfusion Requirements
in Preparation for a Major Earthquake: The
Tehran, Iran Study  
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Mostafa Shokouhi, MSc2

Introduction
Tehran, the capital city of Iran has a population of more than seven million,
and is located at the foot of the Alborz Mountains, which form part of the
Alpine-Himalayan Orogenic Belt. Tehran has high seismic potential with
many active faults, the most significant are the Ray, Mosha, and Tehran North
faults. Although Tehran has not experienced severe damage due to earth-
quakes during the last 150 years, it has recorded several major earthquakes in
its history. The latest earthquake with a magnitude of >7.0 on the Richter
scale, occurred in 1830.1

As the most important city in the country in terms of politics and econo-
my,2 Tehran has experienced rapid urban development and increasing popu-
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a b s t r a c t

Background: We aimed to analyze the efficacy of blood transfusions given to Wen Chuan
earthquake casualties.
Materials andmethods: Forty-one blood transfusions were administered. Laboratory indexes
including routine blood tests, electrolyte tests, and blood coagulation functions were
recorded.
Results: Between 400–6400 mL of whole blood and/or erythrocyte suspensions were given
to the casualties. The mean volume was 1233 mL. The plasma volume infused in 22 cases
(1550 mL) differed from 200 mL to 9600 mL. There was no occurrence of transfusion reac-
tion. Erythrocyte and Hct levels increased significantly after transfusion, while electrolyte
levels remained the same.
Conclusion: Blood transfusion was an effective therapy for the earthquake casualties.

! 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Hemorrhage was the main cause of the death in the Wen
Chuan earthquakes (May 12th, 2008). Fluid infusion and/or
blood transfusion were necessary therapeutic means to
maintain patients’ basic blood pressure. However, blood
transfusion can lead to complications. Therefore, effective
and reasonable application of blood products was of great
importance. A total of 149 earthquake casualties were trea-
ted in our hospital, one of the major medical treatment
units for the earthquake’s victims. Forty-one patients
underwent blood transfusion therapy. Here, we describe
their clinical conditions and response to treatment.

2. Materials and methods

2.1. Demographic and baseline data

Among 149 Wen Chuan earthquake casualties admit-
ted to our hospital from May 14th to June 20th, 41 cases
(27.5%) received blood transfusions. These were com-

prised of 16 males and 25 females, ranging from seven
months to 88 years old (mean age = 39.6). There were
23 cases of bone fracture, five cases of crush syndrome
(two complicated with acute renal failure), one case of
brain injury, two cases of upper gastrointestinal bleeding,
three cases of hemorrhagic anemia, one case of hemo-
pneumothorax, and seven cases of other injuries. Seven
patients were blood type A, 11 type B, 19 type O, and
four type AB; all cases were Rh (D+). Twenty-eight pa-
tients received general blood transfusions, 13 received
surgical blood transfusions.

2.2. Clinical transfusion

A total of 200–6400 mL of whole blood and/or erythro-
cyte suspension (mean volume = 1233 mL) and 200–
9600 mL plasma (mean volume = 1550 mL) was given to
the 41 patients. Nineteen cases (46.3%) were transfused
200–800 mL; 15 cases (36.6%) transfused 800–2000 mL;
and seven cases (17.1%) transfused 2000–6400 mL. Seven
blood type A cases were transfused 7600 mL; 11 type B cases
transfused 12,950 mL; 19 type O cases transfused
26,400 mL; and four type AB cases transfused 3600 mL.
200 to 9600 mL of fresh frozen plasma (mean volume =
1550 mL) was transfused in 22 cases after the transfusion

1473-0502/$ - see front matter ! 2009 Elsevier Ltd. All rights reserved.
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