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Disclosure

• In the past 12 months, I have had a significant financial interest 
or other relationship with the manufacturer(s) of the following 
product(s) or provider(s) of the following service(s) that will be 
discussed in my presentation 

– Royalty for Transfusion Medicine, Apheresis, and Hemostasis: Review 
Questions and Case Studies



Objectives

• Outline restrictive vs. liberal transfusion strategy in patients 
with acute myocardial infarction

• Summarize the use of whole blood and other therapies in 
trauma resuscitation

• Review significant changes in the 2023 JCA guidelines on 
therapeutic apheresis

• Discuss potential pathway to have donors for all patients 
needing transplants



When to Transfuse Red Blood Cells?



Transfusion Red Blood Cells has Risks

Carson JL et al. JAMA 2023; 330: 1892-1902



Restrictive vs. Liberal Transfusion Strategy

• Liberal strategy

– Transfusion when Hgb < 10 g/dL and maintain Hgb between 10 – 12 g/dL

• Restrictive strategy

– Transfuse when Hgb < 7 g/dL and maintain Hgb between 7 – 9 g/dL

– As effective as (possibly superior to) liberal strategy in critically ill patients 
(30-day mortality outcome) except for ones with acute myocardial 
infarction or unstable angina

Hebert PC et al. N Engl J Med 1999; 340: 409-417



Restrictive Strategy is Beneficial in Most Patients

• 45 randomized trials across range of settings

Carson JL et al. JAMA 2023; 330: 1892-1902



REALITY Randomized Clinical Trial

• Open-label, noninferiority trial in France and Spain (3/2016 – 9/2019)

• Patients with myocardial infarction and hemoglobin 7 – 10 g/dL

– 668 patients randomized (median age 77 years, 42% females)

• Transfusion strategy

– Threshold of 8 g/dL (n=342) vs. threshold of 10 g/dL (n=324)

• Composite outcome at 30 days

– Major adverse cardiovascular events (all-cause death, stroke, recurrent 
myocardial infarction, or emergency revascularization due to ischemia)

Ducrocq G et al. JAMA 2021; 325: 552-560



Results

Ducrocq G et al. JAMA 2021; 325: 552-560



Results

Ducrocq G et al. JAMA 2021; 325: 552-560



MINT Randomized Clinical Trial

• Open-label, noninferiority trial in US, Canada, France, Brazil, 
New Zealand, and Australia (4/2017 – 4/2023)

• Patients with myocardial infarction and hemoglobin <10 g/dL

– 3504 patients randomized (median age 72 years, 46% females)

• Transfusion strategy

– Threshold of 7 – 8 g/dL (n=1749) vs. threshold of 10 g/dL (n=1755)

• Composite outcome at 30 days

– Myocardial and death from any cause

Carson JL et al. N Engl J Med 2023; 389: 2446-2456



Results – Composite Outcome

Carson JL et al. N Engl J Med 2023; 389: 2446-2456



Results – Mortality 

Carson JL et al. N Engl J Med 2023; 389: 2446-2456



Results – Risk Ratios

Carson JL et al. N Engl J Med 2023; 389: 2446-2456



What to Transfuse in Trauma Setting?



Trauma Resuscitation

• Hemorrhage in trauma

– Accounts for 40% of deaths within 24 hours

– Mainly causes by trauma-induced coagulopathy

• Trauma resuscitation

– Balanced transfusion approach of component therapy

– Utilization of whole blood as initial transfusion product in some centers

Pham HP et al. Br J Anaesth 2013; 111(S1): i71-82

Torres CM et al. JAMA Surg 2023; 158: 532-540



Low Titer O Whole Blood (LTOWB)

• Whole blood collected from a group O donor with low titer (<200)

– Cold stored (1-6oC) without agitation

– 21-day shelf life, 5 days fresh

– Leukoreduced with platelet-sparing filter

• Allows transfusion of all components simultaneously

• Primarily used to treat bleeding emergencies in adult trauma patients

– AABB allows the use of LTOWB in bleeding emergencies, including before the 
patient’s blood type is known

– No evidence of significant hemolysis or transfusion reaction

Slide courtesy of Coberly E.



Whole Blood in Civilian Trauma Setting

Torres CM et al. JAMA Surg 2023; 158: 532-540



Whole Blood in Civilian Trauma Setting

Torres CM et al. JAMA Surg 2023; 158: 532-540



CRYOSTAT-2 Randomized Clinical Trial

• Open-label interventional trial in US and UK (8/2017 – 11/2021)

• Trauma patients required MTP activation and received at least 1 
unit of blood component transfusion

– 1604 patients randomized (median age 39 years, 79% males)

• Intervention

– Standard of care (n=799) vs. standard of care and cryoprecipitate (3 
pools, 6-gram equivalent, n=805) within 3 hours of injury 

• All-cause mortality outcome at 28 days

Davenport R et al. JAMA 2023; 330: 1882-1891



Results

Davenport R et al. JAMA 2023; 330: 1882-1891



Results

Davenport R et al. JAMA 2023; 330: 1882-1891



PROCOAG Randomized Clinical Trial

• Double blinded, placebo-controlled trial in France (12/2017-8/2021)

• Trauma patients at risk of MTP activation

– 324 patients randomized and analyzed (median age 39 years, 73% males)

– Injury severity score 36; 69% required expedient hemorrhage control

• Intervention

– Standard of care + 1 mL/kg saline (n=162) vs. standard of care +  25 IU/kg 4-
factor PCC (n=162)

• 24-hour all blood product consumption

Bouzat P et al. JAMA 2023; 329: 1367-1375



Results

Bouzat P et al. JAMA 2023; 329: 1367-1375



Results

Bouzat P et al. JAMA 2023; 329: 1367-1375



When to Perform Therapeutic Apheresis or Not



Apheresis Guidelines Evolution

Slide courtesy of Dunbar NM.



Apheresis Guidelines Evolution

Slide courtesy of Dunbar NM.



Apheresis Guidelines Evolution

Slide courtesy of Dunbar NM.



2023 Special Issue Highlights

• 91 diseases / conditions, 166 indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



ASFA Category

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



Grade of Recommendation

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



2023 Special Issue Highlights

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



New Fact Sheets 

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



New Indications in Existing Fact Sheets

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



Insufficient Evidence for New Fact Sheets

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278



Impact of COVID-19

• New fact sheet for “Vaccine-induced immune thrombotic 
thrombocytopenia (VITT)”

• New indications in “Sepsis with multiorgan failure” and 
“Vasculitis, other” fact sheets

• Comments concerning associations with COVID-19 in several 
fact sheets

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Upgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Upgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Downgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Downgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Downgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



Downgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.

New data shows unclear benefit compared to antibiotics aloneNew data shows unclear benefit compared to antibiotics alone



Downgraded ASFA Category Indications

Connelly-Smith L et al. J Clin Apher 2023; 38: 77-278

Slide courtesy of Dunbar NM.



How to Have Donors Available for All Patients?



HLA Match Likelihood for HPC Transplants

Gragert L et al. N Engl J Med 2014;371: 339-348



Mismatched Unrelated Bone Marrow Transplants

• HLA Mismatched unrelated transplants (MMUD)

– Increase risk of GVHD and graft failure with standard calcineurin 
inhibitor-based GVHD prophylaxis

• Post-transplant high dose cyclophosphamide (PTCy)

– Selectively (toxic) sensitive to activated alloreactive effector T cells

– Preserve regulatory T-cell function

– Have been use successfully in haploidentical transplants

Shaw BE et al. J Clin Oncol 2021; 39: 1971-1982



MMUD Transplants with PTCy

Auletta JJ et al. ASH 2023



HLA Match Likelihood for HPC Transplants

Gragert L et al. N Engl J Med 2014;371: 339-348



Thank you for your attention

• Email: hpham2@nmdp.org or huy.pham@redcross.org 

• Donate blood: https://www.redcross.org/give-blood.html 

• Join the NMDP registry: 
https://my.bethematch.org/s/?language=en_US 

mailto:hpham2@nmdp.org
mailto:huy.pham@redcross.org
https://www.redcross.org/give-blood.html
https://my.bethematch.org/s/?language=en_US
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