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• Increasing complexity of medical therapy translates into increasing blood
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Objectives
• Be familiar with some of the major changes that have occurred in
blood banking during the past two decades
• Understand the changes in blood banking procedures related to the
care of trauma and other massively bleeding patients
• Be able to describe the uses of molecular testing in current blood
banking practice
• Be familiar with current technologies available for pathogen reduction
of blood products
• Be familiar with the various products being investigated as artificial
oxygen carriers

Where Blood Banking Started
• Blood Banking has a long and
frankly “pretty sketchy” history
• For example:
• In the 17th century transfusion of
“gentle calf’s blood” was used to
“calm” a plainly abusive, psychotic
husband in Paris
• The transfusion of “young boys”
blood to revitalize the aging—and
ailing—Pope Innocent III
• Even with these 2 anecdotal
examples, it’s clear that the early
history of transfusion is littered with
failure

Getting to NOW!!
• So with this very “shaky” beginning, how did we get to now?
• “Modern” blood banking can probably trace its origins to 1901 when
Karl Landsteiner first published his results on human ABO blood
types:

The Obvious Changes
• During this first century of blood banking we are all aware of the
obvious changes that have occurred:
• Direct transfusion was replaced by “stored blood”

The Obvious Changes
• Glass Bottles were replaced by plastic bags

The Obvious Changes
• Whole blood transfusion was replaced by blood component therapy

The Drivers of Change
• The evolution of transfusion from
its relatively crude beginnings to
the blood bank you recognize
today has been predicated on 10
key scientific and technological
advances as outlined by
McCullough in 2010
• Let me highlight the impact of just
a few of these….

•
•
•
•
•
•
•
•
•
•

Apheresis technology
Marrow and hematopoietic stem cells
RBC antigens and antibodies
The role of WBCs
Platelet and neutrophil antigens and
antibodies
Volunteer donors
Blood safety
Hematopoietic growth factors
Plasma derivatives
Blood utilization and management

Drivers of Change
• Apheresis
• The development of blood donor
apheresis procedures has allowed the
collection of blood components that
are not limited by the amount of
whole blood that can be collected
from a single donor. Apheresis
platelets can provide a full
therapeutic adult dose; apheresis
allows the collection of granulocytes,
multiple units of red blood cells from
a single donor, and even peripheral
blood stem cells can be collected
from a single donor a one time

Drivers of Change
• Marrow
• The use of marrow as a blood component and the recruitment of community
volunteers as marrow donors was actually the beginning of the clinical use of
cells other than peripheral blood. The national marrow donor program,
which represents a consolidation and outgrowth of individual marrow donor
programs was established at the St. Paul ARC and facilitated its first match in
1987. Now, as the National Marrow Donor Program, there are over 33 million
listed donors (and 765,000 cords), and over 92,000 stem cell transplants have
been facilitated through this organization.

Drivers of Change
• Blood Safety
• Blood safety is multifactorial:
• The conversion of the blood donor population from paid to volunteer in the late 1960’s
resulted in a significant enhancement in the safety of blood transfusion
• Donor screening:

Drivers of Change
• Blood Safety
• Donor Testing
Tests Performed on Each Unit
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Drivers of Change
• Plasma Fractionation
• Plasma fractionation initially meant that albumen was manufactured from
human plasma, however, now, products are produced from human plasma
to…
• Provide immune therapies
• IvIg

• Prevent hemolytic disease of the fetus and newborn due to anti-D
• Rh immune globulin

• Manage coagulopathies (many of these are now produced by recombinant technology)
• Factor VIII
• Factor IX
• Prothrombin complex

Drivers of Change
• Blood Utilization

• Retrospective reviews of blood
utilization have estimated that up to
25% of all transfusions are
unnecessary
• Concern about appropriate use
comes from a variety of sources:

• Cost
• Risk of transfusion reactions
• Negative impact on patient outcomes

• As hospitals and clinicians have
become more concerned about the
use of blood, there has been a
significant decrease in overall
transfusion use since ~2009 as
demonstrated in this graph

Getting to Now!
• All of these changes and innovations—and many others—give us
some idea of…

•How we got to now!

Where do we go from NOW?
• But with all of the manifest changes in Transfusion Medicine we’ve seen
over the past 100 years, the real question for today is:
• Where do we go from here?
• Is Transfusion Medicine innovation done?
• The answer is , NO!
•
•
•
•
•
•

Patients still occasionally get the “wrong” unit of blood
Post-transfusion infection, while uncommon, still occurs
Patients still become alloimmunized
We still don’t fully understand the immunological consequences of transfusion
Changes in clinical therapies result in changes in transfusion
We still unnecessarily transfuse patients

Where do we go from NOW?
• I don’t have answers for each of these problems, but I want to place
before us today a few changes in Transfusion that are currently
underway –sort of changes that are “Now Showing” in your blood
bank
• Then, I’ll spend some time discussing some changes that are on the
immediate horizon that will almost surely result in significant changes
in the near future—sort of “Changes Coming to a Blood Bank Near
You”
• And then make a few “predictions” of what you might reasonably
expect to see in the next 10-20 years—or “Previews of Coming
Attractions”

“Now Showing”
• Trauma
• Trauma resuscitation: the “Ratios”
• The use of plasma: Group AB or A
• Back to the Future: Group O Whole Blood

• Alloimmunization
• A common complication in chronic transfusion

• Patient Blood Management
• Why do we use so much blood???

Trauma
• Bleeding accounts for 30 – 40% of all trauma-related deaths and 25 – 35% of
trauma patients demonstrate some evidence of coagulopathy at the time they
reach the emergency department
• The evolution of trauma care is making significant changes in the transfusion
service
• In the past, trauma care focused on the use of intravenous fluid resuscitation.
However…
• A number studies have indicated that trauma resuscitation using crystalloids and plasmapoor RBCs leads to a number of complications
• Dilutional coagulopathy (platelets and/or coagulation factors)
• Hypothermia and acidosis are also associated with a profound coagulopathy
• There is a renewed recognition of a specific syndrome of acute coagulopathy of trauma

• But following the military experience in Iraq and Afghanistan, there has been increasing
emphasis on the early administration of plasma (along with RBCs) which apparently can
effectively minimize the risks dilutional coagulopathy and the coagulopathy of trauma

Trauma--Coagulopathy
• Dilutional Coagulopathy
• Resuscitation of the massively bleeding patient using only crystalloids,
colloids, and RBC units, depletes coagulation factors and platelets.
• There is, however, no specific transfusion volume that consistently equates to
dilutional coagulopathy. Even though transfusion of RBCs and the use of
crystalloids and colloids does decrease both coagulation factor and platelet
levels, there are compensating factors such as:
• Release of some of the 30 – 40% of platelets normally sequestered in the spleen
• Coagulation factors are normally present in excess in the circulation

• So though dilutional coagulopathy is a “fact,” other factors seem to play a
more important role in the coagulopathy associated with massive transfusion

Trauma--Coagulopathy
• Coagulopathy that occurs in the
acute phase of trauma has 2
components:
• Trauma itself and traumatic shock
induced acute traumatic
coagulopathy
• Resuscitation-associated issues
such as dilution, metabolic
acidosis, hypothermia

Trauma--Coagulopathy
• Perhaps a more comprehensive
diagrammatic description of the
coagulopathies associated with
trauma is shown in this slide:

Trauma--Coagulopathy
• Based on the military experience, high ratios of FFP : RBCs : Plts have
become a commonly recommended approach to reduce the impact
of trauma related coagulopathy
• In 2007 Borgman et al reviewed the benefits of early plasma use in massively
transfused patients and reported that there was a 50% reduction in mortality
associated with increased plasma use
• The initial implementation of massive transfusion protocols (MTP) was slow,
in part due to conflicting data from civilian trauma centers
• Denver Health data suggesting that FFP:RBC ratios of up to 1:3 are beneficial but “higher
ratios (e.g. 1:1) are actually detrimental (J. Trauma 2008)
• “Survival benefit / survival bias:” (patients who “live long enough” to get plasma may be
less severely injured and hence skew the data (J. Trauma 2009)

Trauma
• But in spite of the initial concerns about the use of high ratios of plasma and platelets with RBCs
(1:1:1) in the context of massive transfusion has become standard practice in most major trauma
programs.
• However, increasing the use of plasma has itself created problems for blood banks

• In many (most) situations, the identity of the trauma victim is unknown—and worse, there is often no time to
perform routine a ABO type and antibody screen.
• In this situation group O RBCs and AB plasma are routinely used
• This, in turn, has created a significant shortage of AB plasma (represented by only 4% of the population)
• The answer to this problem is surprisingly simple: give the trauma patient group A plasma instead of group
AB
• Well, that flies in the face of what you heard in Medical School: “select plasma that is compatible with the
patient’s RBCs”
• How is this possible?
• A plasma has anti-B which is most often in relatively “low titer”
• Recall that in platelet transfusion, all ABO groups are acceptable—transfusing plasma is essentially the same situation
• We use this approach on in TRAUMA

Trauma
• If one thinks about the “ratio” of FFP : Platelet : RBC that has now
become a common approach in trauma resuscitation, we are basically
doing nothing more than reconstructing whole blood
• So, in fact we have gone “Back to the Future,” in that we can now
provide low titer group O whole blood for trauma patients.
• Now allowed by AABB Standards, but….
• Protocol of describe how many WB units can be used per patient and under what
circumstances; follow-up of patients
• Method to determine that the WB units are “low titer” anti-A and anti-B

Trauma--Summary
• So, in less than a decade, transfusion for trauma patients has changed
significantly
• Crystalloids + RBCs

Ratio-based transfusions (1:1:1)

• AB plasma only when the blood type is unknown
• RBCs (or ratios of 1:1:1)

A plasma

Group O whole Blood

Now Showing
• Two other current blood bank changes are worth mentioning:
• Phenotypically matched RBCs
• We are all aware that when a patient develops an antibody to a RBC antigen, all RBC
units must be typed to avoid that antigen in the future
• But what about “avoiding” alloimmunization in the first place?
• In most circumstances the risk of a patient becoming alloimmunized is about 2-5%
• (Also recall the leukoreduction reduces the risk of alloimmunization by up to 50%)

• But there is one group of patients in which the risk of alloimmunization is much higher:
• Patients with sickle cell disease have a risk of 25-42% of becoming alloimmunized

• This has led to the suggestion that RBCs should be “partially phenotype matched” to to
the patient in order to avoid (or minimize) the risk of alloimmunization
• So, what do we mean by a “partial phenotype?”

Now Showing
• Phenotype Matching for Sickle Cell Disease (SCD) Patients
• In a review of the RBC antibodies in patients with SCD, it was found that 76% of the
antibodies were:
• Anti-C, Anti-E, and Anti-Kell

• The approach, then, is to minimize the risk that SCD patients will produce any of these
antibodies by providing them RBCs NEGATIVE for the C, E, And Kell antigens.
• Sounds like a significant amount of additional time—but it really isn’t:
• By selecting Rh negative units, one has a 98% chance the unit will also be E and C antigen
NEGATIVE. And once we have C and E negative units, you’ll recall that at least 90% are
also Kell antigen negative.

• So, while this certainly impacts the Rh negative inventory, it makes finding C, E, and Kell
negative units relatively easy!

Now Showing
• Patient Blood Management (PBM)
• Another program that has made a significant impact on blood banks and hospital transfusion
services is Patient Blood Management
• What is PBM?

Patient Blood Management—What does it do for us?
• Because good retrospective reviews have demonstrated that up to 25% of
RBC transfusions are unnecessary, appropriate “evidence-based” use does
generally reduce blood transfusions
• Anemia management and pre-operative patient hemoglobin “optimization”
reduces blood transfusion
• Identification and appropriate management of patient coagulopathies also
reduces blood transfusion
• So, YES, PBM does reduce blood use for the patient and hospital—but the
real goal is improved patient outcomes, reduced LOS, reduced
transfusion-related complications

Patient Blood Management
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Coming Soon to a Blood Bank Near You!!
• Increasing clinical complexity means increasing blood bank
complexity (CD38; CD47; defibrotide)
• I plan to mention 3 examples of new / complex testing that is now
beginning to appear in blood banks:
• Molecular testing (SCD and RhIg) Personalized medicine?
• Unit tracking and patient ID
• Pathogen reduction

Molecular Testing
• In a blood banking context, what is “Molecular Testing?”
• For years the standard method for testing for blood group antigens and
antibodies has been hemagglutination—and in most circumstances this has
been sufficient for the transfusion care of patients
• But there are circumstances when hemagglutination has limitations
•
•
•
•
•

It cannot determine RHD zygosity
It cannot antigen type some recently transfused patients
It cannot type RBCs coated with immunoglobulin (+DAT)
It cannot identify antigen “variants”
It cannot discriminate between “weak D” and “partial D” in deciding on the use of Rhimmune globulin
• It cannot type RBCs when no commercial reagent is available

Molecular Testing
• Molecular testing starts with DNA extraction and the sample can
come from:
•
•
•
•

Whole blood
Buffy coat
Amniotic fluid
Buccal swabs

Molecular Testing
Low
Resolution

Medium
Resolution

High
Resolution

• Gel-based methods
• SSP-PCR for known SNPs
• PCR-RFLP for known SNPs

• Arrays such as BeadChip™

• DNA sequence analysis
• Exon scanning
• cDNA analysis
• Plasmid cloning and sequence analysis

Molecular Testing—How Can This Help?
• Case 1: Multiply transfused patients
• History: Caucasian female with myelodysplastic syndrome; received mkultiple
transfusions in past 3 months
• Serologic Work-up: A positive; previous anti-Kell; now has a 1+ DAT, warm
antibody and possible anti-E or anti-c
• Antigen Typing (useful in determining what antibodies can be made):
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• Results: Patient cannot produce anti-E or anti-c; but anti-FyA and/or anti-JkB
are possible antibodies

Molecular Testing—How Can This Help?
• Case 2: Variation in “D” Antigen Expression
• Occasionally patients who have a “D” antigen (who are RHD positive) that is
weakly expressed and requires AHG for detection
• While these weakly expressed “D” antigens can be caused by a number of
amino acid changes in the RHD, for clinical purposes we can divide them into
2 categories:
• Weak D
• Partial D (some example do react more strongly—3+?)

• From a molecular genetic perspective
we can visualize the differences between
that cause weak-D and those that cause
Partial-D

Molecular Testing—How Can This Help?
• Clinically, the importance of this distinction between Weak-D and Partial-D is that
patients with certain subtypes of Weak-D cannot make and anti-D when exposed to
RhD-positive blood; but those with a Partial-D and certain other subtypes of
traditional weak D can
• Importantly, routine serologic testing cannot distinguish between the various types
of weak-D and partial-D-----but Molecular testing can
• Therefore, when we determine that a patient has a weakly expressed “D” antigen,
we currently default to giving that patient RhD-negative blood because of the chance
that the weakened expression of the “D” antigen may allow the patient to develop
an anti-D if exposed to RHD-positive blood either through transfusion or pregnancy
• Fundamentally, what this means is that because we cannot serologically distinguish
among patients who have a “weak-D” which are at risk of developing an anti-D when
exposed to RHD-positive blood and those who will not, a large number of women
will get Rh immune globulin who do not need it or patients will receive RHD-negative
blood who could accept RHD-positive blood.

Potential Impact

Suggest Algorithm for RhIg Administration

Pathogen Reduction
Tests
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• For the past 40 years a major
concern of blood banks has been
the risk of transfusion
Transmissible Infections
• The graph I presented earlier
indicates how frequently new
tests have been added to blood
screening to deal with not only
well-known diseases, but also
newly identified TTI.

Pathogen Reduction
• The “race” to keep the blood supply safe from an ever growing number of
infectious agents (Zika, Dengue, SARS, Chagas, Babesia, etc) has been a
scientific and financial challenge to blood banks—and hospitals
• But wouldn’t it be wonderful if we had a way to eliminate infectious agents
from all blood components—no risk of HIV; no risk of HCV; no newly
emerging infection to contaminate the blood supply…
• Well, we have an answer---PATHOGEN REDUCTION
• Currently in the United States, a Pathogen Reduction has been licensed by
the FDA and is now being made available for platelets and plasma; a
separate procedure for RBCs is in Phase III trials at this time.

Pathogen Reduction
• The currently licensed
technology for platelet and
plasma pathogen reduction
involves the use of a psoralen
reagent known as Amotosalen or
S-59.
• This agent intercalates within
the nucleic acid structure and
when exposed to ultraviolet light
crosslinks the nucleic acid
strands preventing replication

Pathogen Reduction
• Since RBC units are opaque to UV
light, a slightly different technology
is currently in clinical trials for RBCs
• In this case a different reagent
known as S-303 is being used.
• This reagent known as a “frale”
compound is used to intercalate
within the helical regions of DNA or
RNA. Then through a chemical
reaction, the frale compound
crosslinks the nucleic acid strands
blocking replication.

Pathogen Reduction
• What will PR mean to hospital transfusion services?
• Elimination of pathogen transmission through blood components
• No need to irradiate blood components given to immunocompromised
patients

• Increased costs

Previews of Coming Attractions—just a “couple”
• The “True” Universal Donor
• Artificial Blood

“Truly” Universal Donor Blood
• Today, we often consider group “O” blood to be the universal donor
with respect to the ABO blood group system
• While O positive blood occurs in 40-45% of the population, O
negative is found in only ~6% of the population
• So for women of child-bearing age the availability of the “universal
donor” group O blood is quite limited
• Additionally, patients still erroneously receive ABO incompatible
blood, which, while rare, is often deadly
• Wouldn’t it be wonderful if every unit of RBCs were effectively group
“O” ????

Removing A and B antigens

Red Blood Cell Substitutes (Artificial Blood)
• Blood substitutes (actually, substitutes for RBCs) have been discussed
in one way or another almost since the beginning of blood
transfusion—with remarkably little success!!
• But, WHY has there been such a long interest in “artificial” blood?
• Blood has:
•
•
•
•

Strict, relatively short storage conditions
Potentially transmits infectious agents
Requires crossmatching
Often is in short supply

Red Blood Cell Substitutes (Artificial Blood)
• The perfect blood (RBC) substitute would:
•
•
•
•
•
•

Require no crossmatch or compatibility testing
Have long term storage (months/years)
Survive in the circulation for weeks
Cause no side effects or other complications
Be pathogen-free
Effectively deliver oxygen

RBC Substitutes

Red Blood Cell Substitutes (Artificial Blood)
• Hemoglobin-based (HBOC)
• Polyheme: polymerized human hemoglobin
• Hemopure: polymerized bovine hemoglobin; Phase III trials in US
• Hemolink: partially polymerized human hemoglobin; under FDA review

• Perfluorocarbon emulsions
• Fluosol DM
• Oxygent

Hemoglobin-based Oxygen Carriers
• Polyheme
•
•
•
•
•
•

Expired human blood
No intact RBCs
Shelf-live 12 months
Stored at room temperature
Intravascular dwell time 120 days
Clinical trials: 13.2% died (9.6%
controls); no further trials as yet

• Hemopure
• Chemically stabilized bovine
hemoglobin
• For use when human blood not
available
• Stable for 36 months at room
temperature
• Compatible with all blood types
• Clinical trials
• FDA imposed ban on further trials
due to safety concerns
• Approved in South Africa

Perfluorocarbon Oxygen Carriers
• Perfluorocarbons (hydrogen atoms replaced by fluorine atoms)
• Excellent capacity for carrying oxygen and carbon dioxide
• Fluosol DA
• Approved by FDA for heart surgery
• Difficult storage / production ended in early 1990s (Green Cross of Japan)

• Oxygent
• Alliance Pharmaceuticals
• Stage II/III trials in 2008

