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Death in Trauma
• Injury is the leading cause of death worldwide between 

the ages of 5 to 44.
• In the U.S., it is the leading cause of death in the 1 to 44 

year age group and the 3rd leading cause of death overall.
• Exsanguination is the second cause (37%) after CNS 

trauma.

• Deaths due to injury:
– 50% in the field
– 30% occur in the first 24 hrs

• 30-50% exsanguination
– 20% occur late

• Multiple organ failure



Why Trauma Patient Bleed

• Complex visceral 
injuries
– Liver lacerations

• Major vascular injury
• Pelvic fractures



Key Steps of Hemostasis

Spahn, D. R. et al. Br. J. Anaesth. 2005 95:130-139



Resuscitation

Vigorous Fluid 
Resuscitation

Hemodilution
Increased

Recurrent 
Hypotension



Traditional Guidelines

Shock. 2006; 26:322-331.



Hemorrhagic blood failure:  Oxygen debt, coagulopathy, and endothelial damage.
White, Nathan;  MD, MS; Ward, Kevin; Pati, Shibani; MD, PhD; Strandenes, Geir; Cap, 
Andrew;  MD, PhD

Journal of Trauma and Acute Care Surgery. 82(6S) Supplement 1:S41-S49, June 2017.

Hemorrhage

Bloody Vicious Cycle Hemorrhagic Blood Failure



Richard Lower
• The first Blood transfusions 

of record take place (1665). 
• Animal experiments 

conducted by Richard 
Lower, an Oxford physician 
started as dog-to-dog 
experiments and proceeded 
to animal-to-human over 
the next two years. 

• Dogs were kept alive by the 
transfusion of Blood from 
other dogs. 

Lower R. The method observed in transfusing blood out of one live animal into another. Phil Trans R Soc Lond 1666; 1: 353–8. 



Sketch of Blundell’s gravitator. Blood from the donor dripped into a cup fixed several 
feet above the arm of the recipient and was directed through tubing into the recipient’s 
vein. Adapted from Blundell J, Observations on transfusion (Lancet. 1828;2:321)



History of Blood Transfusion

1795

In Philadelphia an American 
physician, Philip Syng Physick, 
performed the first known human 
Blood transfusion, although he did 
not publish the particulars.

1901

Karl Lansteiner, an Austrian 
physician, and the most important 
individual in the field of Blood 
transfusion, documented the first 
three human Blood groups (based 
on substances present on the red 
Blood cells), A, B and O.

1907

Reuben Ottenberg performed the 
first Blood transfusion using Blood 
typing and cross-matching. 
Ottenberg also observed the 
'Mendelian inheritance' of Blood 
groups and recognized the 
“universal” utility of group O 
donors.

1914

Long-term anticoagulants, among 
them sodium citrate, were 
developed, allowing longer 
preservation of blood.



History of Blood Transfusion

1916

Francis Rous and J. R. Turner 
introduced a citrate-glucose 
solution that permitted storage of 
Blood for several days after 
collection. This discovery also 
directly led to the establishment of 
the first Blood 'depot' by the British 
during World War I. 

1932

The first facility functioning as a 
Blood bank was established in a 
Leningrad Russia hospital. 

1937

Bernard Fantus, director of 
therapeutics at the Cook County 
Hospital in Chicago, Illinois (U. S.), 
established the first hospital Blood 
bank in the United States. 

1953

Development of the refrigerated 
centrifuge began to further 
expedite Blood component 
therapy.



Transfusion in the United States

Transfusion, Volume: 60, Issue: S2, Pages: S1-S9, First published: 21 February 2020



Component Therapy



Hemorrhagic blood failure:  Oxygen debt, coagulopathy, 
and endothelial damage.
White, Nathan;  MD, MS; Ward, Kevin; Pati, Shibani; MD, 
PhD; Strandenes, Geir; Cap, Andrew;  MD, PhD

Journal of Trauma and Acute Care Surgery. 82(6S) 
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Massive Transfusion

• Definition of massive transfusion not universally 
agreed upon and has changed over time with the 
improvement of blood bank processing and 
resources.

• Historically defined as 10 units of RBC per 24 
hours.

• Alternative definitions such as three units of red 
blood cells over one hour or any four blood 
components in 30 minutes.



Percentage of Blood Products 
Over Time

J Trauma. 2008;65:261-271

Within first 6 hours after injury, a median of 80% of RBC’s, FFP, and platelets were 
transfused.



Massive Transfusion Outcome

• 1971 – 6.6% survival rate following > 25 unit blood 
transfusion

• 1980’s – Several reports of survival > 50% following 
transfusion of > 20 units of blood

Greater than 50 units of pRBC
in the 48 hrs following 
admission.

Arch Surg. 1999; 134:964-970
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Units of Blood

141 Patients over 4 years 
at LA County who received 
≥ 20 units of blood

Mean transfusion rate 31 
units for survivors, 32 units 
for non-survivors

74% had penetrating 
trauma

Overall survival rate 30.5%

Arch Surg. 1998; 133:947-952



7734 trauma patients 
admitted between July 1, 
1995 and June 30, 2000

44 (0.6) received > 50 
units of blood products in 
the first day (pRBC, FFP, 
cryp, plts)

Overall survival rate 43%

No difference in survival 
between >75 versus 51-75 
units of product





Retrospective  review of 246 
patients that received greater 
than 10 units of pRBC





• Historical control study comparing patients 
over a 23 month period before and after the 
implementation of a trauma exsanguination
protocol.

• Protocol involves the immediate delivery of 
products in a 3:2 ration of RBC:FFP and 5:1 for 
RBC:PLTS



Outcome and Resuscitation 
Comparison Between Groups

24-h
Surv.

30-d
Surv.

Hosp.
LOS ICU LOS Vent.

Days

IO
Blood
Prod.

IO
Cryst.

24-h
Blood
Prod.

Pre TEP 61 37.6 16.4 6.6 4.5 11 7 38.7
TEP 69 56.8 12 5 2.8 14.7 4.8 31.2
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P=0.185
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P=0.049

P=0.239 P=0.017

P=0.001

P<0.001

P=0.050

J Trauma. 2009;66:41– 49.



Complications Rates Between Groups

SIRS Severe
sepsis VDRF VAP ACS Open

Abd CVVH/HD

Pre TEP 55.3 19.8 62.4 39 9.9 30.5 2.8
TEP 52.8 10 60.8 27.2 0 6.4 3.2
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P=0.826

J Trauma. 2009;66:41– 49.





Retrospective trial 
from 2001 to 2006 
identified 133 patients 
that received >10 units 
pRBC in 6 hours

Overall mortality was 
56%

50% died from acute 
blood loss in the 
operating room





Component Therapy versus LTOWB



Low Titer Type O Whole Blood 
(LTOWB)

• Who is eligible to make LTOWB donations?
– Type O male donors
– Type O female donors who have never been pregnant
– Type O female donors who test negative for HLA 

antibodies and have not been pregnant since testing
• Anti-A and Anti-B antibodies are tested for each 

donation to determine if the individual blood product 
contains a low titer of ABO antibodies.

• The titer cutoff used by various centers ranges from 
less than 50 to 256 as measured by direct 
agglutination at room temperature in an immediate 
spin saline tube



vs

Volume and Concentrations Between  
Component Therapy vs. Warm Whole Blood

Component Therapy: 680 mL

RBC unit + PLT unit + FFP unit +
Cryo unit

– Red blood cell 
concentration: 29%  

– Platelets: 80,000
– Coagulation factors: 

65%

Whole Blood: 500 mL

A single WB unit
– Red blood cell 

concentration: 38-50%
– Platelets: 150,000-

400,000
– Coagulation factor 

concentration: 100%



Standard Amounts of
Anti-coagulants and Additives in Reconstituted 

Whole Blood vs Whole Blood
Component Therapy per Unit:
• 6 x RBC (AS-5) 6 x 120ml = 720ml
• 6 x FFP 6 x 50ml   = 300ml
• 1 x aPLT 1 x 35ml = 35ml 

Total          = 1055mL

Whole Blood per Unit:
• 1 x WB 6 x 63ml   = 378ml

Total           = 378ml

There is 3 times the volume of anticoagulant and additives  
with reconstituted whole blood from components  
compared to whole blood

Spinella PC, J Trauma. 2009;66:S69-76



Making Whole Blood for Trauma 
Available (again): The American Red 

Cross Experience

Transfusion, Volume: 59, Issue: S2, Pages: 1439-1445, First published: 13 April 2019.



• Retrospective analysis  (received ≤ 4 units of LTOWB)
• A total of 135 patients who received LTOWB (median 2 

units) were matched to 135 patients who received 
conventional components.

• There were no significant differences in outcomes: median 
in-hospital mortality or 24-hour mortality.

• The hospital and intensive care unit LOS were not 
significantly different between groups. 

• The median number of RBC units transfused, including the 
contribution from the LTOWB, was not significantly 
different between the groups.

Transfusion. 2018;58;1838–1845



• Retrospective, 198 patients receiving LTOWB versus 
152 receiving component therapy

• Low-titer group O whole blood had similar evidence 
of laboratory hemolysis (up to 6 units), similar 
transfusion reaction rates, no change in mortality.

• When adjusted for severity of shock associated with a 
50% reduction in post-ED transfusions and two fold 
increase in survival.

J Trauma Acute Care Surg. 2020;88: 87–93



• The use of LTOWB is independently associated 
with improved 24-hour and 28-day survival, and 
does not increase organ dysfunction at 72 
hours.

• Use of LTOWB most impacted survival of 
patients with reduced clot firmness (MCF ≤60 
mm). 



Will the Platelets Work?
• Current standard is room temperature 

storage with constant agitation with a shelf 
life of 5 days

• Rationale has been based off of 
hypoproliferative thrombocytopenia 
patients that require prophylactic platelet 
transfusion

• Refrigerated platelets are cleared more 
rapidly from circulation

SHOCK, Vol. 41, Supplement 1, pp. 51-53, 2014



Prevention versus Clotting

• Focus on circulating time rather than 
adhesion aggregation nor contribution to 
clot strength

• Maximized recovery and survival following 
transfusion

• Refrigerated PLTS are cleared more rapidly 
from circulation

• RCTs have shown cold platelets are more 
hemostatic 



Key Considerations

• How will it be dispensed?
• How much LTOWB should be immediately 

available?
• When should you switch to standard MTP 

component resuscitation?
• Do you need to stock both O+ and O-

LTOWB?
• Cost?



BloodTrack Emerge



• Among 680 patients, the median time from patient 
arrival to MT protocol activation was 9 minutes with 
a median time from MT activation call to delivery of 
first cooler of 8 minutes. 

• Delays in MT protocol activation and delays in initial 
cooler arrival were associated with prolonged time to 
achieve hemostasis and an increase in mortality. 
Independent of products ratios, every minute from 
time of MT protocol activation to time of initial 
cooler arrival increases odds of mortality by 5%.

J Trauma Acute Care Surg. 2017; Vol 83, No 1



Improving Efficiency and Reducing 
Time to Transfusions

• Thirty-one patients were transfused LTOWB between 
4/1/19-4/1/20 versus 21 patients in the preceding 12 
months. 

• During this period, 91 units of LTOWB were 
transfused in the trauma bay. 

• The median time to first blood product administered 
was 10 minutes in the LTOWB group versus 14 
minutes (p<0.05) in the pre-intervention group. 

• The utilization of LTOWB not only simplified the steps 
needed in issuing and restocking blood products at 
the point-of-need, but also reduced the time to first 
blood product transfusion.



• 10 year retrospective study
• A total of 498 ED O− RBC units were transfused to 268 patients (168 male, 100 

female). 
• A total of 322 units were transfused to males and 114 to females at least 50 

years of age. Thirty-nine (14%) were D− with 18 receiving O+ RBCs. 
• A total of 109 had follow-up antibody screens; one D− patient developed 

alloanti-D.
• The majority of ED O− RBCs (88%) went to patients who qualified for O+ RBCs; 

a minority (1.5%) of patients were D− females less than 50 years of age. 
• The rate of alloimmunization was low.



Emergency Transfusion of Patients with 
Unknown Blood Type with Blood Group O 

Positive Red Blood Cell Concentrates

• Prospective single-center observational study 
done between Jan 1, 2001, and Dec 31, 2015

• 437 recipients were screened at 2,3,6 and 12 
months

• The overall risk of inducing anti-D antibodies was 
4% (95% CI 2·44–6·14)

The Lancet Haematology. Vol 4 ,Issue 5, E218-E224, 2017. 

In non-emergent transfusion 26% 
(95% CI 19·0–35.3) developed anti-D 
alloimmunization.



• Out of 823 patients, 62 were immediately transfused 259 
units, RhD+ RBCs 

• 18 of these patients were RhD- and RhD-incompatible RBCs 
• Seroconversion rate was 50%
• 3 were female of child bearing age (2 MTP seroconverted)



Cost?

• Prices do vary depending supplier
• Benefits of a blood donor / processing center

• Unit of Whole Blood – $633.17
• Unit of PRBC – $216.90

• Shelf life 21 days  
• Prior to expiration can be spun down to its 

components



Low-Titer O Whole Blood: 
Our Process

• LTOWB units were collected in our hospital-based 
blood center in CPD preservative and then 
manufactured and processed in our blood bank 
laboratory as per AABB and FDA regulations. 

• The blood center identified type O male and never-
pregnant female donors as LTOWB donors. 

• Titers <1:200 were deemed ‘low-titer’ and acceptable 
for manufacturing LTOWB. 

• For donors with titers >1:200, units were manufactured 
into RBC and plasma units. 

• Leukoreduction (LR) with a platelet sparing filter was 
performed on each LTOWB unit. 

• LR quality control was performed on 100% of LTOWB 
units. 



LTOWB: Our Process
• Four units of O-positive LTOWB and two units of O-negative 

LTOWB were stocked in a secure, software- and 
temperature-controlled refrigerator in the trauma bay. 

• LTOWB was issued by the trauma team only to trauma 
patients for whom massive transfusion protocol was 
initiated. 

• The trauma team was responsible for reporting transfusion-
related adverse events. 

• Blood bank laboratory personnel was responsible for 
managing the inventory of the refrigerator in the trauma bay. 

• At 14 days of storage, LTOWB units were returned to the 
blood bank laboratory for manufacture into red blood cell 
(RBC) units; the associated plasma was discarded.



LTOWB: Our Experience 

• From 4/16/19-4/28/20, 113 LTOWB units were 
transfused to 43 patients.

• There were no reported transfusion-related adverse 
events. 

• Due to the minimal use of O-negative LTOWB units, the 
production of O-negative LTOWB units is in the process 
of being discontinued. 

• Instead, O-negative RBC units will be exclusively used for 
female trauma patients of child-bearing age.





george.koenig@jefferson.edu
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