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 The Reemerging Role of Whole Blood 
in Modern Trauma Care: Is the Whole 

Greater than the Sum of its Parts?

Abstract
Hemorrhage is the leading cause of potentially prevent-
able deaths in both military and civilian trauma patients. 
Early hemorrhage control and resuscitation with blood 
products have been shown to improve survival in hemor-
rhaging trauma patients. While the use of balanced com-
ponent therapy continues to be the standard of care for 
resuscitation, whole blood transfusion in adjunct to com-
ponent therapy is increasingly becoming the modality of 

choice for resuscitation of civilian trauma patients across 
the United States. Whole blood resuscitation offers sev-
eral advantages including higher hematocrit, platelet and 
factor concentrations, lower additive volumes, and faster 
times to balanced transfusion of equivalent volumes of 
red blood cells, plasma, and platelets, making it logis-
tically easier to administer. Multiple retrospective and 
prospective studies have shown that whole blood in ad-
junct to component therapy is associated with improved 
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 outcomes in trauma patients. Multiple prospective tri-
als are currently in progress, evaluating the impact of 
pre-hospital and in-hospital transfusion of whole blood 
in trauma patients. There has been a recent upward trend 
in the number and proportion of trauma centers using 
whole blood. However, civilian practice management 
guidelines are yet to formally offer recommendations on 
the role of whole blood in resuscitation. This review will 
focus on the current evidence, ongoing trials, advantag-
es, and risks of whole blood transfusion in the resuscita-
tion of hemorrhaging trauma patients.

Key Words: Whole Blood, Resuscitation, Hemor-
rhage, Civilian Trauma

Introduction
In the United States, injuries resulting from trauma rank 
as the fourth leading cause for mortality.1 Hemorrhage is 
responsible for up to 30% of fatalities linked to trauma, 
resulting in the death of approximately 50,000 individu-
als and leading to a loss of two million years of life on 
an annual basis.2 Despite the advancements in resuscita-
tion strategies, hemorrhage continues to be the principal 
cause of preventable fatalities amongst trauma patients.3 
Exsanguination typically results in fatality within the ini-
tial six hours post-injury, commonly occurring between 
the second and third hour.4

While balanced component therapy (CT, character-
ized as a 1:1:1 ratio of packed red blood cells [pRBC], 
fresh frozen plasma [FFP], and platelets) remains the 
conventional treatment for resuscitating hemorrhaging 
trauma patients, the preference for utilizing whole blood 
(WB) transfusion in combination with CT is progressive-
ly gaining traction as standard management for resusci-
tating civilian trauma patients.5 The aim of this study is to 
review the historical aspects, current evidence, ongoing 
trials, advantages, and risks of whole blood transfusion 
in the resuscitation of hemorrhaging trauma patients.

Whole Blood: Back to the Future
Although transfusion of whole blood in civilian trauma pa-
tients is a relatively new concept, its use in military med-
icine dates back to World War I.6 Later, US Forces during 
World War II implemented ‘Field Blood Banks’ that gath-
ered freshly donated whole blood, either to be used im-
mediately or distributed quickly to areas close to the site 
of injury for emergency resuscitation.7 This practice was 
effective during the Korean War, when Group O whole 

blood was the primary choice and Group O low titer (with 
anti-A and anti-B titers under 1:200 in saline dilution) was 
reserved for non-Group O recipients.8,9 This knowledge 
from the Korean War had an impact on the resuscitation 
strategy in the Vietnam conflict. In 1965, the decision was 
made to only use low-titer Group O whole blood.10 

Crystalloids and colloids replaced blood during and 
after the Vietnam era as the primary initial resuscitative 
approach for hemorrhagic shock due to the risks of in-
fectious disease transmission with blood products, and 
research indicating the need for 1-2 L of crystalloids to 
resuscitate the interstitial compartment or ‘third space’.11 
This led to the overuse of crystalloids and dilutional co-
agulopathy, and eventually the disappearance of whole 
blood from blood banks in civilian practice. Subsequent 
studies demonstrated that a crystalloid-based resuscita-
tion approach, as compared to the use of whole blood, 
results in an increase in inflammation and vascular per-
meability.12

The recent conflicts in Iraq and Afghanistan sparked 
renewed interest in transfusing whole blood for patients 
with life-threatening traumatic bleeding. This strategy 
was supported in 2014 by the US Tactical Combat Ca-
sualty Care Committee.13 A 2022 survey showed 16% 
of children’s hospitals using this strategy, and a similar 
approach has been adopted in prehospital settings in Nor-
way, Israel, and the US. It is now the preferred resus-
citative product for patients with traumatic hemorrhagic 
shock.14

Cold-stored versus warm-stored whole blood
There are two types of whole blood: warm-stored and 
cold stored. Warm fresh whole blood (WFWB) may be 
stored at room temperature (20°C) for up to 8 h, and sub-
sequently at 4°C for 16 h.15 WFWB is transfused within 
24–48 h after collection and considered to have full he-
mostatic function, especially when given early in resusci-
tation, and is shown to be superior to Cold-stored whole 
blood (CWB).16 A recent study revealed that WFWB 
resuscitation was associated with a significant reduc-
tion in 6-hour mortality versus non-warm fresh whole 
blood (OR= 0.27 ;95% confidence interval 0.13-0.58) 
in combat casualties, with a dose-dependent effect (odds 
ratio=0.15, P=0.024).17 Currently, the use of WFWB is 
mostly limited to situations when other blood products 
are unavailable, either in austere remote situations, or 
where blood bank inventories (particularly of platelet 
concentrates) are depleted.18 
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On the other hand, CWB can be stored at 1–6°C for up 
to 21 days if the anticoagulant is Citrate-phosphate-dex-
trose solution (CPD), or 35 days if the anticoagulant con-
tains adenine (e.g. CPDA-1).19 An important concern re-
garding cold-stored whole blood is how long the platelets 
maintain their function.20 Because of the risk for bacte-
rial contamination, whole blood is preferably stored at 4 
°C in the civilian patient setting. Even if morphological 
changes occur during storage of refrigerated platelets, it 
has been suggested that these changes may be favorable 
for platelet function.21 Although CWB has been approved 
by the FDA and may be stored up to 25 days, programs 
that have implemented utilizing WB as a standard of care, 
specify that RBC and PLT efficacy may be compromised 
after the 21st day, so storage duration must be limited to 
14-21 days.22,23  

Low Titer Group O Whole Blood (LTOWB) as an Ad-
junct to Component Therapy 
Low Titer Group O Whole Blood (LTOWB) is unsep-
arated blood, collected from a donor with “low” IgM 
and/or IgG anti-A and anti-B and can either be stored or 
given fresh. There is no universally accepted definition 
of LTOWB, and the Association for the Advancement of 
Blood and Biotherapies (AABB) states that low titer may 
be defined by institutions. LTOWB provides physiologic 
benefits when compared to conventional CT, including 
increased hematocrit concentrations, augmented plate-
let counts, heightened factor concentrations, and a lower 
amount of additive solution when compared to a volume 
equivalent of reconstituted WB.24 Table 1 compares the 
composition of whole blood with reconstituted whole 
blood using component products. 

 LTOWB may offer advantages over CT for several 
reasons: 1) it reduces donor exposures. 2) It maintains 
the blood’s oxygen carrying capacity by replacing lost 
red blood cells, as well as platelets. 3) It is far easier 
and faster to administer than traditional multiple blood 
CT. 4) More concentrated product compared to recon-
stituting whole blood with conventional components. 5) 
It provides cold stored platelets that have improved in 
vitro and perhaps in vivo hemostatic function compared 
to room temperature platelets in this patient population. 
6) It provides greater availability of platelets where they 
might otherwise not have been available. 7) It reduces 
the incidence of ABO mis-transfusion during the resus-
citation. 8) It gives a longer shelf life for stored platelets 
compared to room temperature storage.25–30 

The improved outcomes and decreased blood product 
requirements associated with WB transfusion in civilian 
trauma patients became evident after a prospective study 
conducted by Cotton and colleagues.31 During the past 
decade, multiple high-level studies have shown that the 
use of WB as an adjunct to CT in the resuscitation of 
hemorrhaging civilian trauma patients is not only safe 
and feasible, but also associated with improved 24-hour 
and in-hospital mortality, decreased major complica-
tions, and decreased overall transfusion requirements in 
hemorrhaging trauma patients with varying injury and 
shock severities.17,32–35 Additionally, a recent study has 
demonstrated that transfusion of WB after 30 minutes 
of was progressively associated with increased adjusted 
odds of 24-hour mortality (second 30-minute: aOR:2.07, 
p=0.015; second hour: aOR:2.39, p=0.010) and in-hos-
pital mortality (second 30-minute: aOR:1.79, p=0.025; 
second hour: aOR:1.98, p=0.018).36 They suggest that 
every minute delay in WB transfusion is associated with 
a 2% increase in odds of 24-hour and in-hospital mortal-
ity among hemorrhaging trauma patients.36

 A meta-analysis carried out in 2023 has showed that 
transfusion with WB + CT was associated with lower 
24-h mortality versus CT and transfusion with WB was 
associated with a lower volume of red blood cells trans-
fused at both 6 and 24 h.37 With the emergence of whole 
blood in trauma resuscitation, cost-related comparisons 
are of significant importance to providers, blood banks, 
and hospital systems throughout a country. A study in 
2023 revealed that after the initiation of the WB transfu-
sion in pre-hospital settings the mean annual cost for all 
blood products decreased by 17.3% and the average net 
difference in cost related to component blood products 
and LTOWB was over $927,000.38 

Whole Blood in Patients with Traumatic Brain Inju-
ries 
Although the use of WB in resuscitation of hemorrhag-
ing trauma patients is highly recommended, its role in 
the management of patients with both hemorrhagic shock 
and traumatic brain injuries is still controversial. While 
isolated traumatic brain injury carries a relatively low 
mortality, the presence of both hemorrhagic shock and 
TBI doubles mortality.39 TBI exacerbates the cardiovas-
cular decompensation that occurs during hemorrhagic 
shock by decreasing blood pressure regulation and reduc-
ing cardiovascular compensatory mechanisms. Animal 
studies have shown improved mortality and  neurologic 
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recovery with WB resuscitation compared to CT.40 Addi-
tionally, in a recently conducted prospective observation-
al study by Brill et al., sub-analysis of patients with TBI, 
defined as head AIS greater than or equal to 3, WB use 
was associated with improved survival.34 The most recent 
study by Hatton et al. demonstrated that, in patients with 
concomitant hemorrhagic shock and TBI, WB transfu-
sion was associated with decreased overall mortality and 
TBI-related mortality when compared to CT alone.41

Potential Risks and Practical Issues
The use of LTOWB in trauma patients is associated with 
a range of risks and limitations. These include the po-
tential for hemolysis in non-Group O recipients, RhD 
sensitization in individuals with RhD-negative status, 
and wastage of blood products in times of critical short-
ages.25 Strategies have been devised to minimize these 
risks, including selective use of blood from donors with 
low titers of anti-A and anti-B antibodies, cold storage to 
improve platelet hemostatic function and prolong shelf-
life, leukocyte-reduction with a platelet-sparing filter to 
reduce the risk of graft versus host disease, and male or 
never-pregnant female donors to decrease the incidence 
of transfusion-related acute lung injury.42–44 Studies by 
Harrold et al. and Morgan et al. have found no adverse 
transfusion reactions or evidence of hemolysis when 
LTOWB was administered to injured adults and children, 
including those with non-Group O blood.45–47 Cold stor-
age of whole blood platelets was once thought to impair 
their function, but more recent in vitro studies suggest 
that cold-stored platelets not only remain functional but 
may in fact be superior to those stored.23,42,48

Ongoing Trials
There are multiple ongoing clinical trials assessing the 
effect of LTOWB on the outcomes of hemorrhaging 

trauma patients. Trauma Resuscitation with Low-Titer 
Group O Whole Blood or Products (TROOP) is a ran-
domized clinical trial led by the University of Alabama at 
Birmingham. The goal of this clinical trial is to compare 
the effectiveness of unseparated whole blood (LTOWB) 
and the separate components of whole blood (including 
PRBC, FFP, platelets, and cryoprecipitate) in critically 
injured patients who require large-volume blood trans-
fusions. Type O Whole Blood and Assessment of Age 
During Prehospital Resuscitation Trial (TOWAR) is a 
multi-center, pre-hospital randomized trial utilizing 10 
level-1 trauma centers designed to determine the effica-
cy and safety of LTOWB resuscitation as compared to 
standard of care resuscitation in patients at risk of hem-
orrhagic shock and to appropriately characterize the he-
mostatic competency of whole blood relative to its age. 
Shock, Whole Blood and Assessment of TBI (SWAT) is 
a multicenter, prospective, observational cohort study led 
by University of Pittsburgh aiming to evaluate patient 
centered outcomes associated with early whole blood 
resuscitation practice as compared to component resus-
citation in poly-trauma patients with hemorrhagic shock 
and further characterize outcome benefits in those with 
traumatic brain injury.49. 

Summary
The use of LTOWB is increasingly common in both mil-
itary and civilian settings and may represent the ideal 
early resuscitation intervention after injury. Exploring 
the potential advantages of Group O low titer CWB as 
an alternative to individual components could be benefi-
cial in reducing the impact of exsanguination due to time 
efficiency and possible efficacy and safety advantages. 
High-level prospective, multicenter studies are warrant-
ed to support the pragmatic use of LTOWB as a standard 
of care.

Table 1: Composition of Whole Blood Compared with Reconstituted Whole blood using Component Products24

Variable Whole Blood  
(1 unit)

Components  
(1 unit of pRBC, 1 unit of plasma, 1 unit of platelets, 1 unit of 

cryoprecipitate)

Product Volume, ml 570 675

Hematocrit, % 38-50 29

Platelet count 150,000 – 400,000 88,000

Factor activity, % 100 65

Fibrinogen, mg 1000 750



KOSOVA COLLEGE OF SURGEONS

KOSOVA JOURNAL OF SURGERY | VOLUME 7 | ISSUE 2 | DECEMBER 2023 97

References
1. Murphy SL, Xu J, Kochanek KD. Deaths: final data for 2010. 

Natl Vital Stat Rep Cent Dis Control Prev Natl Cent Health Stat Natl 
Vital Stat Syst. 2013;61(4):1-117.

2. Cannon JW. Hemorrhagic Shock. N Engl J Med. 2018; 
378(4):370-379. doi:10.1056/NEJMra1705649

3. Drake SA, Holcomb JB, Yang Y, et al. Establishing a Regional 
Trauma Preventable/Potentially Preventable Death Rate. Ann Surg. 
2020;271(2):375-382. doi:10.1097/SLA.0000000000002999

4. Callcut RA, Kornblith LZ, Conroy AS, et al. The why and how 
our trauma patients die: A prospective Multicenter Western Trauma 
Association study. J Trauma Acute Care Surg. 2019;86(5):864-870. 
doi:10.1097/TA.0000000000002205

5. Bahr MP, Yazer MH, Triulzi DJ, Collins RA. Whole blood 
for the acutely haemorrhaging civilian trauma patient: a novel 
idea or rediscovery? Transfus Med Oxf Engl. 2016;26(6):406-414. 
doi:10.1111/tme.12329

6. Stansbury LG, Hess JR. Blood transfusion in World War I: the 
roles of Lawrence Bruce Robertson and Oswald Hope Robertson in 
the “most important medical advance of the war.” Transfus Med Rev. 
2009;23(3):232-236. doi:10.1016/j.tmrv.2009.03.007

7. Blood program in World War II - Digital Collections - National 
Library of Medicine. Accessed October 8, 2023. https://collections.
nlm.nih.gov/catalog/nlm:nlmuid-0014773-bk

8. Barnes A. Transfusion of universal donor and uncrossmatched 
blood. Bibl Haematol. 1980;(46):132-142. doi:10.1159/000430554

9. Crosby WH, Akeroyd JH. Some immunohematologic results of 
large transfusions of group O blood in recipients of other blood groups; 
a study of battle casualties in Korea. Blood. 1954;9(2):103-116.

10. Stubbs JR, Zielinski MD, Jenkins D. The state of the science 
of whole blood: lessons learned at Mayo Clinic. Transfusion (Paris). 
2016;56 Suppl 2(Suppl 2):S173-181. doi:10.1111/trf.13501

11. Carrico CJ, Canizaro PC, Shires GT. Fluid resuscitation fol-
lowing injury: rationale for the use of balanced salt solutions. Crit 
Care Med. 1976;4(2):46-54.

12. Makley AT, Goodman MD, Friend LAW, et al. Resuscitation 
with fresh whole blood ameliorates the inflammatory response after 
hemorrhagic shock. J Trauma. 2010;68(2):305-311. doi:10.1097/
TA.0b013e3181cb4472

13. Butler FK, Holcomb JB, Schreiber MA, et al. Fluid Resus-
citation for Hemorrhagic Shock in Tactical Combat Casualty Care: 
TCCC Guidelines Change 14-01--2 June 2014. J Spec Oper Med 
Peer Rev J SOF Med Prof. 2014;14(3):13-38. doi:10.55460/DPOC-
JWIY

14. Meshkin D, Yazer MH, Dunbar NM, Spinella PC, Leeper 
CM. Low titer Group O whole blood utilization in pediatric trauma 
resuscitation: A National Survey. Transfusion (Paris). 2022;62 Sup-
pl 1:S63-S71. doi:10.1111/trf.16979

15. Jobes D, Wolfe Y, O’Neill D, et al. Toward a definition of 
“fresh” whole blood: an in vitro characterization of coagulation 
properties in refrigerated whole blood for transfusion. Transfusion 
(Paris). 2011;51(1):43-51. doi:10.1111/j.1537-2995.2010.02772.x

16. Spinella PC, Perkins JG, Grathwohl KW, Beekley AC, Hol-
comb JB. Warm Fresh Whole Blood Is Independently Associated 
With Improved Survival for Patients With Combat-Related Trau-
matic Injuries. J Trauma. 2009;66(4 Suppl):S69-S76. doi:10.1097/
TA.0b013e31819d85fb

17. Gurney JM, Staudt AM, Del Junco DJ, et al. Whole blood 
at the tip of the spear: A retrospective cohort analysis of warm 
fresh whole blood resuscitation versus component therapy in se-
verely injured combat casualties. Surgery. 2022;171(2):518-525. 
doi:10.1016/j.surg.2021.05.051

18. Kaada SH, Apelseth TO, Hagen KG, et al. How do I get an 
emergency civilian walking blood bank running? Transfusion (Par-
is). 2019;59(S2):1446-1452. doi:10.1111/trf.15184

19. Kristoffersen EK, Apelseth TO. Platelet functionality in cold‐
stored whole blood. ISBT Sci Ser. 2019;14(3):308-314`. doi:https://
doi.org/10.1111/voxs.12501

20. Espinosa A, Dybvik B, Medby C, Vangberg G. Implemen-
tation of a protocol for prehospital transfusion of low-titer, leuko-
cyte-depleted whole blood for civilian bleeding patients. Transfus 
Apher Sci Off J World Apher Assoc Off J Eur Soc Haemapheresis. 
2019;58(2):212-215. doi:10.1016/j.transci.2019.03.012

21. Choi JW, Pai SH. Influence of storage temperature on the 
responsiveness of human platelets to agonists. Ann Clin Lab Sci. 
2003;33(1):79-85.

22. Spinella PC, Doctor A. Role of transfused red blood cells 
for shock and coagulopathy within remote damage control resus-
citation. Shock Augusta Ga. 2014;41 Suppl 1:30-34. doi:10.1097/
SHK.0000000000000089

23. Pidcoke HF, McFaul SJ, Ramasubramanian AK, et al. Prima-
ry hemostatic capacity of whole blood: a comprehensive analysis of 
pathogen reduction and refrigeration effects over time. Transfusion 
(Paris). 2013;53 Suppl 1(0 1):137S-149S. doi:10.1111/trf.12048

24. Leeper CM, Yazer MH, Neal MD. Whole-Blood Resusci-
tation of Injured Patients: Innovating from the Past. JAMA Surg. 
2020;155(8):771-772. doi:10.1001/jamasurg.2020.0811

25. Yazer MH, Cap AP, Spinella PC. Raising the standards 
on whole blood. J Trauma Acute Care Surg. 2018;84(6S Suppl 
1):S14-S17. doi:10.1097/TA.0000000000001778

26. Yazer MH, Cap AP, Spinella PC, Alarcon L, Triulzi DJ. 
How do I implement a whole blood program for massively bleed-
ing patients? Transfusion (Paris). 2018;58(3):622-628. doi:10.1111/
trf.14474

27. Seheult JN, Bahr MP, Spinella PC, Triulzi DJ, Yazer MH. 
The Dead Sea needs salt water… massively bleeding patients need 



KOSOVA COLLEGE OF SURGEONS

KOSOVA JOURNAL OF SURGERY | VOLUME 7 | ISSUE 2 | DECEMBER 202398

whole blood: The evolution of blood product resuscitation. Trans-
fus Clin Biol J Soc Francaise Transfus Sang. 2019;26(3):174-179. 
doi:10.1016/j.tracli.2019.06.003

28. Yazer MH, Spinella PC, Bank EA, et al. THOR-AABB 
Working Party Recommendations for a Prehospital Blood Product 
Transfusion Program. Prehosp Emerg Care. 2022;26(6):863-875. do
i:10.1080/10903127.2021.1995089

29. Bahr M, Cap AP, Dishong D, Yazer MH. Practical Con-
siderations for a Military Whole Blood Program. Mil Med. 
2020;185(7-8):e1032-e1038. doi:10.1093/milmed/usz466

30. Leeper CM, Yazer MH, Cladis FP, Saladino R, Triulzi DJ, 
Gaines BA. Use of Uncrossmatched Cold-Stored Whole Blood 
in Injured Children With Hemorrhagic Shock. JAMA Pediatr. 
2018;172(5):491-492. doi:10.1001/jamapediatrics.2017.5238

31. Cotton BA, Podbielski J, Camp E, et al. A randomized con-
trolled pilot trial of modified whole blood versus component thera-
py in severely injured patients requiring large volume transfusions. 
Ann Surg. 2013;258(4):527-532; discussion 532-533. doi:10.1097/
SLA.0b013e3182a4ffa0

32. Torres CM, Kent A, Scantling D, Joseph B, Haut ER, Sakran 
JV. Association of Whole Blood With Survival Among Patients Pre-
senting With Severe Hemorrhage in US and Canadian Adult Civilian 
Trauma Centers. JAMA Surg. 2023;158(5):532-540. doi:10.1001/ja-
masurg.2022.6978

33. Spinella PC, Cap AP. Whole blood: back to the fu-
ture. Curr Opin Hematol. 2016;23(6):536-542. doi:10.1097/
MOH.0000000000000284

34. Brill JB, Tang B, Hatton G, et al. Impact of Incorporating 
Whole Blood into Hemorrhagic Shock Resuscitation: Analysis of 
1,377 Consecutive Trauma Patients Receiving Emergency-Release 
Uncrossmatched Blood Products. J Am Coll Surg. 2022;234(4):408-
418. doi:10.1097/XCS.0000000000000086

35. Hanna K, Bible L, Chehab M, et al. Nationwide analy-
sis of whole blood hemostatic resuscitation in civilian trauma. 
J Trauma Acute Care Surg. 2020;89(2):329-335. doi:10.1097/
TA.0000000000002753

36. Hosseinpour H, Magnotti LJ, Bhogadi SK, et al. Time to 
Whole Blood Transfusion in Hemorrhaging Civilian Trauma Pa-
tients: There Is Always Room for Improvement. J Am Coll Surg. 
2023;237(1):24-34. doi:10.1097/XCS.0000000000000715

37. Ngatuvai M, Zagales I, Sauder M, et al. Outcomes of Trans-
fusion With Whole Blood, Component Therapy, or Both in Adult 
Civilian Trauma Patients: A Systematic Review and Meta-Analysis. 
J Surg Res. 2023;287:193-201. doi:10.1016/j.jss.2023.02.010

38. Ciaraglia A, Myers JC, Braverman M, et al. Transfusion-re-
lated cost comparison of trauma patients receiving whole blood ver-
sus component therapy. J Trauma Acute Care Surg. 2023;95(1):62-
68. doi:10.1097/TA.0000000000003933

39. Galvagno SM, Fox EE, Appana SN, et al. Outcomes after 
concomitant traumatic brain injury and hemorrhagic shock: A sec-
ondary analysis from the Pragmatic, Randomized Optimal Platelets 
and Plasma Ratios trial. J Trauma Acute Care Surg. 2017;83(4):668-
674. doi:10.1097/TA.0000000000001584

40. Leibowitz A, Brotfain E, Koyfman L, et al. Treatment of 
combined traumatic brain injury and hemorrhagic shock with frac-
tionated blood products versus fresh whole blood in a rat model. Eur 
J Trauma Emerg Surg Off Publ Eur Trauma Soc. 2019;45(2):263-
271. doi:10.1007/s00068-018-0908-9

41. Hatton GE, Brill JB, Tang B, et al. Patients with Both Trau-
matic Brain Injury and Hemorrhagic Shock Benefit from Resuscita-
tion with Whole Blood. J Trauma Acute Care Surg. Published online 
July 24, 2023. doi:10.1097/TA.0000000000004110

42. Remy KE, Yazer MH, Saini A, et al. Effects of platelet-spar-
ing leukocyte reduction and agitation methods on in vitro mea-
sures of hemostatic function in cold-stored whole blood. J Trauma 
Acute Care Surg. 2018;84(6S Suppl 1):S104-S114. doi:10.1097/
TA.0000000000001870

43. Morris MC, Veile R, Friend LA, et al. Effects of whole 
blood leukoreduction on platelet function and hemostatic param-
eters. Transfus Med Oxf Engl. 2019;29(5):351-357. doi:10.1111/
tme.12622

44. Thomas KA, Shea SM, Yazer MH, Spinella PC. Effect of 
leukoreduction and pathogen reduction on the hemostatic func-
tion of whole blood. Transfusion (Paris). 2019;59(S2):1539-1548. 
doi:10.1111/trf.15175

45. Morgan KM, Yazer MH, Triulzi DJ, Strotmeyer S, Gaines 
BA, Leeper CM. Safety profile of low-titer group O whole blood 
in pediatric patients with massive hemorrhage. Transfusion (Paris). 
2021;61 Suppl 1:S8-S14. doi:10.1111/trf.16456

46. Yazer MH, Freeman A, Harrold IM, et al. Injured recipients of 
low-titer group O whole blood have similar clinical outcomes com-
pared to recipients of conventional component therapy: A single-cen-
ter, retrospective study. Transfusion (Paris). 2021;61(6):1710-1720. 
doi:10.1111/trf.16390

47. Harrold IM, Seheult JN, Alarcon LH, et al. Hemolytic mark-
ers following the transfusion of uncrossmatched, cold-stored, low-ti-
ter, group O+ whole blood in civilian trauma patients. Transfusion 
(Paris). 2020;60 Suppl 3:S24-S30. doi:10.1111/trf.15629

48. Reddoch KM, Pidcoke HF, Montgomery RK, et al. He-
mostatic function of apheresis platelets stored at 4°C and 22°C. 
Shock Augusta Ga. 2014;41 Suppl 1(0 1):54-61. doi:10.1097/
SHK.0000000000000082

49. Walsh M, Moore EE, Moore HB, et al. Whole Blood, Fixed 
Ratio, or Goal-Directed Blood Component Therapy for the Initial 
Resuscitation of Severely Hemorrhaging Trauma Patients: A Narra-
tive Review. J Clin Med. 2021;10(2):320. doi:10.3390/jcm10020320


