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Nothing to Disclose
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Patient Blood Management

• A series of ‘rights’ 
– Right Patient 

• Right Product 
– Right Reason 

• Right Time 

• Who defines ‘right’? 
– Clinical decision informed by evidence 

• Not all hypotension is due to anemia 
– Not all hypoxia is due to reduced red cell mass 

• Not all who are anemic require red cell transfusion
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Data can be confusing…

Especially in Houston where there is a focus on trauma resuscitation.



University of Houston School of Medicine

How we got here today

c.1944 
Plasma +  

RBC

c.2015 
RBC +  

Plasma+  
platelets

Damage Control Surgery

Resuscitation 

...70 years later...
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The Nineteenth Century

• Saline infusion was observed to be safer than, and frequently as effective as, 
blood transfusion.  

• Milk was advocated as a potentially effective infusion, because it was thought 
that the “white corpuscles of milk were capable of being transformed into red 
blood corpuscles.” 

• A report by Routh describes 48 cases of transfusion with 30 survivors up to 1849. 

• Two instances of successful transfusion, both administered during leg amputation, 
are documented from the Civil War.
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Transfusions

• WWI 
• 1917 – first use of preserved blood for transfusion 

–  Captain Oswald H. Robertson from the United States Army Medical Officer Reserves 
Corps for the British First Army  

– Battle of Cambrai in the First World War and was remarkably successful. 

–  He transfused O-negative blood, which had been stored for 14 days and brought to 
the front line.
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Transfusions

• WWII 
• Albumin and lyophilized (freeze-dried) plasma 

were being used in combination with whole blood 
to achieve a balanced resuscitation.
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Arch Surg, 1964

5% TBW = 4-5 liters 
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Historical Background

• A plea for “moderation” is made                    
              Moore FD  Metabolic care of the surgical patient, 1959            
              Shires T et al Ann Surg , 1961                                         
              Moore FD, Shires G Ann Surg, 1967      
• Supra-normal resuscitation                       

Shoemaker WC et al  Am J Surg, 1983      
• Abbreviated laparotomy for lethal coagulopathy                                                     
              Stone HH et al  Ann Surg, 1983  
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Historical Background

• Damage control- improved outcomes with 
exsanguinating, penetrating torso trauma                    

              Rotondo et al J Trauma. 1993        
• ACS as a result of “massive interstitial” and 

“retroperitoneal swelling”                          

              Fietsam R et al  Am Surg, 1989                                                   
              Eddy VA et al J Tenn Med Assoc, 1994        
              Bendahan J et al J Trauma, 1995



University of Houston School of Medicine
 13



University of Houston School of Medicine

Damage Control

• 1990, Naval code 102 applied 
to unstable GSW  

• STOP hemorrhage, 
CONTROL bowel 
spillage,CORRECT triad of 
death     

• Live to come back another 
day…
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2006
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DCR components
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• Stop bleeding 
• Hypotensive resuscitation 
• Minimize crystalloid 
• Balanced resuscitation (1:1:2 or 1:1:1) 
• Use plasma to resuscitate patients 
• Increased platelet use 
• Reverse hypothermia and acidosis 
• Hemostatic adjuncts
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Who Gets Resuscitated? 

• ABC score 
• + FAST 
• SBP < 90 
• HR > 120 
• Penetrating truncal mechanism 

• If you reach for blood in the 
ED, call for the BB and 
initiate your MT protocol
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Any 2, start your  
MT protocol
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Many blood products, Concentrates, 
Proteins and Clear Fluids 

• RBCs,  
• FFP, Thawed Plasma, Liquid Plasma, Dried Plasma, (single donor, 

1600 donors, freeze dried, spray dried) 
• Platelets – various preservative solutions and types 
• Cryoprecipitate and Fibrinogen concentrate 
• TXA, etc  
• Many single proteins 
• All the clear fluids (colloids and crystalloids) 

• Innumerable combinations and big differences in cost 
• Compare outcome data? 
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Blood Product Resuscitation 
Improved survival
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• Balanced better than Unbalanced 
– Borgman MA, et al. The ratio of blood products transfused affects mortality in patients receiving 

massive transfusions at a combat support hospital. J Trauma. 2007 
– Pidcoke HF, et al. Ten-year analysis of transfusion in Operation Iraqi Freedom and Operation 

Enduring Freedom: increased plasma and platelet use correlates with improved survival. J Trauma. 
2012.  

– Holcomb JB, et al. The PROMMTT study: comparative effectiveness of a time-varying treatment with 
competing risks. JAMA Surg. 2013. 

• Early better than Late 
– Radwan ZA, et al. An emergency department thawed plasma protocol for severely injured patients. 

JAMA Surg. 2013 
– Cap AP, et al. Timing and location of blood product transfusion and outcomes in massively transfused 

combat casualties. J Trauma. 2012. 

• Earlier and Balanced = Fewer blood products Given 
– Cotton BA, et al. Damage control resuscitation is associated with a reduction in resuscitation 

volumes and improvement in survival in 390 damage control laparotomy patients. Ann Surg. 2011 
– Kautza BC, Glue Grant. Changes in massive transfusion over time: an early shift in the right 

direction? J Trauma. 2012.
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• Permissive hypotension      
• Limiting crystalloids       
• Delivering higher ratios of plasma and platelets
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• All trauma laparotomies 2013 to 2015 
• Historically 39% DCL 
• Decreased to 23% 
• Open abdomen assoc. with inc 

complications, mortality when 
matched. 

• Now DCL 17% 
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• DCL trauma patients 
• Delayed closure assoc with 

increased major 
abdominal complication 

• Suggested DCL might be 
over utilized.
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PROPPR Trial (JAMA, Jan 2015)

• no STATISTICALLY significant difference in mortality at 30-days between 
1:1:1 and 1:1:2 

• lower 3-hour mortality and lower mortality from hemorrhage (both 
p<0.05) 

• In 1992, massive transfusion related mortality was 84% 
• 20-30% as of the most recent data (Holcomb et al JAMA Surg 2012, 

Cotton et al Ann Surg 2011) 
• Powered the reference mortality (1:1:2) would be around 30% - It was 

actually around 20%. 
• Both 24-hour and 30-day mortality was < 1:1:2 powered for.
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• Early platelet administration is associated with improved 
hemostasis and reduced mortality in severely injured, 
bleeding trauma patients. 
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• Another review of PROPPER data. 
• Delays in MT protocol activation & initial cooler arrival  

increase in mortality.  
• every minute from time of MT protocol activation to time 

of initial cooler arrival increases odds of mortality by 5%.

 29

J of Trauma Acute Care Surg. 2017 
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Blast injury Afghanistan
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Civilian Trauma – lessons 
learned
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• 2013 pilot  
• WB reduced use of RBC and 

plasma transfusion in patients 
without traumatic brain injury
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• Pre-hospital utilization  
• 30 mos. 124 MTP 

• 1 Rh - pregnant patient 

• Safe and increased 
avail of limited resource
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• No mortality difference 
• Lower of total transfusion 
• No hemolysis 

• Safe alternative to 1:1 
transfusion.
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PreHospital Blood Products

• Prehospital plasma and RBC transfusion was associated 
with improved early outcomes, negligible blood products 
wastage.  

• Similar to the data published from the ongoing war, 
improved early outcomes are associated with placing 
blood products prehospital. 

• Thousands of units flown, > 300 patients transfused 
• 1.9% wastage

PreHosp Em Care 2014
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TMC 

• Majority of transfusions in the TMC do not reach the level of massive 
transfusion are for 1-2 units. 

• Current practicing guideline rely on clinical perimeters and low 
transfusion trigger of 6g/dl for non-bleeding patients. 

• Bleeding patients present little dilemma 
• Small to moderate amounts of blood loss and anemia make up the 

majority of patient receiving transfusion and may benefit from better 
management.
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Cost of Transfusion
For red blood 

cell transfusions 
in surgical 
patients

Component acquisition
Pretransfusion Operations 
Bedside Management
Overhead

$ 800

$ 600

$ 400

$ 200

Shander A et al. Transfusion 2010; 50: 753-65

Cost at MHH TMC per unit 
not including additional 
overhead, operations and 
management - ~$275



J Trauma, 2011
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How we use TEG
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TEG Burns
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Plasma in burn resuscitation
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• FFP reduced the amount of crystalloid infused by 4L. 

• 10% decrease mortality between groups but not 
significant due to study being underpowered 

• Less Respiratory failure in the FFP group. 
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Upcoming

• Pediatrics  
• Titers  
• Whole blood  
• Freeze dried plasma
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Decision to transfuse

• Traditionally based on: 
• Unstable: ABC score 
• Stable: 

– Hemaglobin concentration 

– Platlet count 

– Prothrombin time 

– TEG – allows for component based therapy
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Transfusion Risks

(Allergic)

Bacteria
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Retrospective Studies/Transfusion Risks

• Storage Period of Red Cells 
– Does it matter?

0

4

8

12

16

< 14 Days > 14 Days

Mortality
Organ Dysfunction
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•  From PROPPER data 
• RBCs > or = 22 days 

independently associated 
with increased mortality
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J Trauma 2013

- 57 patients were randomized 
- No significant differences were noted 
in hematocrit, TEG, transfusion reactions, 
or clinical outcomes.  
- StO2 was higher in the cryopreserved 
group.

On going multi-center 
frozen vs stored RBC study
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AABB Expert Panel Practice Guideline 
Recommended Red Cell Transfusion Indications

Restrictive Transfusion Strategy 
Stable hospitalized patients 
 Adult and pediatric ICU patients: 7g/dl 
 Post-operative patients: 8g/dl – or – symptoms 
 (angina, orthostatic hypotension or tachycardia unresponsive to fluids, heart failure) 
Stable hospitalized patients with preexisting cardiovascular disease 
 8g/dl – or – symptoms 
 (angina, orthostatic hypotension, tachycardia unresponsive to fluids, heart failure) 

Stable hospitalized patients with acute coronary syndrome 
No consensus recommendation due to the fact that large prospective data is not available.  Further study is 
warranted.  However the small RCTs that exist tend to favor the “liberal” threshold. 

Role of symptoms vs Lab results? 
 “Decisions should be influenced by symptoms as well as Hb” 

Standard practice should be to initiate transfusion with 1 unit of blood rather than two and monitor for improvement in 
symptoms.  
  

Carson JL et al. JAMA doi:10.1001/jama.2016.9185
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AABB Expert Panel Practice Guideline 
Recommended Plasma Transfusion Indications

1. Trauma with massive transfusion – transfusion indicated 
2. Trauma or surgery without massive transfusion – no recommendation 

for or against transfusion 
3. Warfarin-related intracranial hemorrhage – Suggest plasma 

transfusion (low quality evidence) - Kcentra recommended most 
recent chest guidelines.  

4. Warfarin anticoagulation without intracranial hemorrhage – no 
recommendation for or against transfusion 

5. Bleeding on Xa inhibitors - PCCs 

Roback JD et al. Transfusion 2010; 50: 
1227-39.
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Restrictive Transfusion Strategies

• Emphasize clinical, not just laboratory indicators 
• Whenever possible: single unit transfusion, then reassess

Study Patient Population Arms Primary Outcome
TRICC 

NEJM 1999

838 Critical Care patients 

[RCT]

7 g/dL (n=418) vs  

9 g/dL (n=420)

30 Day ACM: (18.7% vs 23.3%, p = 0.11)

TRACS 

JAMA 2010

502 Cardiac Surgery with 

Cardiopulmonary Bypass 

[RCT, NI study]

8 g/dL (n=249) vs  

10 g/dL (n=253)

NI margin for 30 day ACM predefined at -8%: Observed 

between group difference 1% [95% CI, -6% to 4%], p = 0.85. 

FOCUS 

NEJM 2011

2016 Patients with CAD/

Risk of CAD after Hip 

Fracture Surgery 

[RCT] 

< 8 g/dL (n=1009) vs  

10 g/dL (n=1007)

Death or inability to walk across room unassisted at 60 days: 

Abs Risk Difference 0.5 percentage points [95% CI, -3.7 to 

4.7]

Acute UGI Bleed 

NEJM 2013 

921 Patients with severe 

Upper GI bleeding 

[RCT]

< 7 g/dL (n=461) vs  

< 9 g/dL (n=460)

45 Day ACM: 91% restrictive vs 95% liberal; HR for death with 

Restrictive Strategy 0.55 [95% CI: 0.33 to 0.92], p = 0.02.
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Does a Restrictive Transfusion Strategy Decrease All-
Cause Mortality?

Carson et al. JAMA Guidelines from the AABB online 
Oct 2016
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R-TEG Graphical Display in the ED

• We no longer 
send PT / PTT / 
INR, fibrinogen 
and platelet 
counts



UT Health Science Center and  
Memorial Hermann Hospital 
Houston, TX

Ann  Surg 2012
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How we use TEG.

 56



University of Houston School of Medicine

Concept
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• Not rigidly ratio driven 
• Not rigidly TEG (or ROTEM) driven 
• Incorporates the elements of time and 

logistics and personnel specific to our site 
• Plasma is our primary resuscitation fluid 

• Patients not bleeding --- no transfusion
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Summary

• Considering the speed, charges, and global 
functional information obtained, TEG is superior 
to CCTs. 
– acute care surgery group, emergency medicine,  orthopedics, anesthesia, 

neurosurgery, pediatric surgery
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What we do today
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• Identify patients who need resuscitation 
– Prehospital and hospital (early is key) 

• Use blood products, limit crystalloid, no artificial 
colloids  

• Transfuse in a balanced fashion, starting with the first 
units 

– Platelets and plasma early 
– First 6 units from the prehospital to hospital are WB 
– Looking at group A plasma 

• Documented improved outcomes (less transfusion 
with WB)
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