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PREFACE TO THE FOURTH EDITION

An integral part of the practice of anesthesia is the administration of blood and blood
components. Anesthesiologists must be knowledgeable about the indications for various blood
components, the benefits as well as the risks and adverse effects associated with their use, and aware of
approaches for avoiding transfusion therapy if and when appropriate.

The ASA Committee on Blood and Blood Products in 1987 developed and published the first
edition of a booklet titled Questions and Answers About Transfusion Practices in order to educate and
provide a convenient reference on the subject of transfusion medicine. In 1993, this committee,
renamed the Committee on Transfusion Medicine, published an updated and expanded second edition of
Questions and Answers About Transfusion Practices. The third edition of this booklet was published
by the 1996-97 Committee on Transfusion Medicine. The 2006-07 ASA Committee on Transfusion
Medicine updated the fourth edition of this booklet and changed its title to Questions and Answers
About Blood Management to reflect the expanding role of new drugs and techniques to manage use of
blood and blood components. Blood management has been defined by Society for Advancement of
Blood Management (SABM) as “the appropriate use of blood and blood components with a goal of
minimizing their use.” The ASA Committee on Transfusion Medicine acknowledges and appreciates
the review, input and editing by the College of American Pathologists Transfusion Medicine Resource
Committee of this manuscript.

This document has been developed by the ASA Committee on Transfusion Medicine, but has
not been reviewed or approved as a practice parameter or policy statement by the ASA House of
Delegates. Variances from the recommendations contained in this document may be acceptable
based on the judgment of the responsible anesthesiologist. The recommendations are designed to
encourage quality patient care and safety in the workplace, but cannot guarantee a specific
outcome. They are subject to revision from time to time as warranted by the evolution of

technology and practice.



ADMINISTRATIVE
1. What are the functions of a hospital transfusion committee?

Health care accreditation organizations such as the Joint Commission on Accreditation of
Healthcare Organizations(now the joint Commission), the College of American Pathologists, and the
AABB all require transfusing facilities to have a peer-review program to monitor and address transfusion
practices. This monitoring usually occurs under the auspices of an institutional committee known as the

99 ¢¢

“hospital transfusion committee,” “transfusion practices committee,” “blood-usage review committee”
or “blood utilization committee.” Blood and blood components are critical in patient care but remain
in limited supply, have a finite shelf life and carry numerous risks and significant cost. Monitoring
blood usage minimizes inappropriate utilization and creates an environment of blood management.
The hospital transfusion committee monitors for blood and blood components ordering practices, patient
identification, specimen collection and labeling, infectious and non-infectious adverse events, near-miss
events, usage and wastage rates, appropriateness of blood use, blood administration policies, the ability
of services to meet patient needs, and compliance with peer-review recommendations.”  For the
committee to be effective, representation and active participation is needed from all of the hospital
departments that frequently transfuse as well as nursing administration. The committee may promote
patient safety in an institution and bring complex transfusion processes into compliance with
regulations.” A multidisciplinary committee is preferred as it may facilitate integration, coordination
and implementation of processes across multiple clinical services.
Other activities of this committee may include:

e Establishing guidelines, indications, and relevant hospital policies and procedures for the use

of blood and blood components and educating hospital staff about them.
e Developing and implementing quality assessment protocols designed to improve patient care

and that substantiate that a high level of care is being achieved.



2. What is a maximum surgical blood ordering schedules?

A maximum surgical blood ordering schedule (MSBOS) is a list of the maximum number of RBC
units that the blood bank will crossmatch usually preoperatively for a specific procedure, as well as
procedures for which a type and screen (T&S) is appropriate. Use of a MSBOS minimizes
unnecessary crossmatching to reduce cost and unnecessary utilization of technician time while providing
adequate amounts of compatible blood for patients requiring transfusion. MSBOS eliminates the need
to determine the number of blood components for each case, reduces last-minute blood orders that don’t
allow enough time for component preparation, decreases pretransfusion compatibility testing, avoids
outdating components, and provides a guide for autologous blood collection. MSBOS should be
developed based upon the previous transfusion practices in an individual institution, reviewed
periodically to reflect actual usage, and updated when necessary. A close working relationship
between anesthesiology, surgery, and the transfusion service facilitates its development and allows for

monitoring of effective utilization at an institution.

3. What is the C/T ratio?

The crossmatch/transfusion ratio or “C/T ratio” is the number of RBC units crossmatched divided by
the number of RBC units transfused. A C/T ratio of greater than 2 is evidence that an excessive
number of RBC units have been crossmatched for that procedure. Crossmatching an excessive number
of RBC units that may not be transfused is not an optimal strategy since crossmatching removes red cell
units from inventory and increases time and labor of the technical staff who perform the crossmatches
and prepare the units for transfusion which results in an increase in cost. While an institution’s
average C/T ratio may be somewhat useful, however, determination of specialty specific and individual
physician C/T ratios may help identify which physicians are ordering type and crossmatch for patients
when a type and screen (T&S) might be more appropriate. Individual allowance should be made for
the patient undergoing a potentially complex procedure associated with extensive blood loss. A T&S
without a crossmatch is acceptable for surgical procedures in which less than 10 percent of the patients

require transfusion, but for which there is a potential transfusion requirement.



4. Should recipient informed consent be obtained prior to transfusion?

Each transfusion of blood and/or blood components carries distinct risks and benefits and thus it is
critical to obtain informed consent from the recipient prior to transfusion.” The transfusion recipient
must be given adequate information to make an informed choice of whether to accept transfusion, to
elect an alternative, or to refuse treatment altogether. These choices can be certified on forms that
document the process of informed consent. The transfusion recipient should have an opportunity to
ask questions and the right to accept or refuse transfusion.!  The specifications for informed consent
are under the purview of a transfusion facility, its relevant medical committees, and legal/risk
management advisors. For neonates and children, a parent or other legally authorized adult should act as
surrogate for providing transfusion consent. The surrogate’s decision to consent to or to refuse
transfusion should be acknowledged, and documented in a manner consistent with the facility’s policies.
Follow-up of transfusion refusal should be consistent with the urgency of the need for transfusion, a
facility's policies, the State laws applicable to the patient's age, and other circumstances relevant to the

specific patient.

DONOR SCREENING AND TESTING
5. How are blood donors screened to determine their suitability for donation?

The purpose of blood donor screening and determination of suitability for donation is to
simultaneously achieve a safe blood supply and a safe donation process for the donor. The steps of
blood donor screening include a donor history, a physical examination and then if the donor meets

criteria, testing of the donor blood specimen for specific infectious agents.

Donor History: Before each donation, potential blood donors are asked questions about their medical
history and whether or not they are involved in high risk behavior with respect to transmissible
infectious diseases to determine if the donation process will be safe for the donor and if the donated

blood will be safe for the recipient. Historically, blood centers were responsible for developing their
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own questionnaires. In June 2004 the Uniform Donor History Questionnaire (UDHQ) was accepted by
the Food and Drug Administration for screening blood donors. Developed by an inter-organizational
task force, the UDHQ standardized and streamlined the donor screening process to make it more
effective in capturing relevant donor information. The risk history questions address exposure risks for
or symptoms of transfusion-transmitted diseases (i.e. hepatitis, human immunodeficiency virus [HIV],
malaria, Chagas disease, babesiosis, and Creutzfeldt-Jakob disease). Donor screening questions can be
classified into several broad categories: Travel into areas endemic for malaria, Chagas disease or
certain HIV subtypes; activities or history of events that may increase the risk of acquiring parenterally
transmitted infections, i.e., high-risk sexual activities, recent non-sterile skin piercing, blood transfusion
or tissue transplant; signs, symptoms or history of infectious diseases; medication taken (prescription or

over-the-counter); and general health questions to ensure a safe donation for the donor.

Donor Physical Examination: Vital signs and a hemoglobin/hematocrit level are obtained on the day

of donation to assure hemodynamic stability and safety of donation for the donor.

6. What tests are performed on donor blood?

Each blood donation is tested for ABO Group, Rh type, the presence of unexpected non-ABO red
cell antibodies, and infectious disease markers. The presence or absence of the D antigen determines
whether a patient is Rh-positive or Rh-negative. An antibody screen is performed to detect any
unexpected non-ABO red cell antibodies; if the antibody screen is positive the specificity of the
antibody is then identified. Donor units are not routinely phenotyped for red cell antigens other than
A, B and D; however, if red cells are being crossmatched for a recipient with a specific unexpected red
cell alloantibody other than anti-D, the donor red cells are then phenotyped to assure that the RBC unit
selected for crossmatching for transfusion is negative for the antigen against which the antibody is

directed.
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The FDA mandates that donated blood be tested to minimize infectivity for hepatitis B and C
viruses, human immunodeficiency virus [HIV], HIV-1 and HIV-2, human T-cell lymphotropic virus
(HTLV)-I/II and syphilis. The tests routinely performed for specific infectious diseases are listed in

Table I:

Table |

Transmissible Disease Testing of Donor Blood

Infectious agent Tests
Syphilis serologic
Hepatitis B virus Hepatitis B surface antigen (HBsAg)

Antibodies to hepatitis B core antigen (Anti-HBc)

Hepeatitis C virus HCV nucleic acid amplification test

Antibodies to hepatitis C (anti-HCV)

HIV-1 HIV-1 nucleic acid amplification test
HIV-2 Anti-HIV-1  and Anti-HIV2
HTLV-I Antibodies to human T-cell lymphotrophic virus I/I1
HTLV-II (anti-HTLV I/IT)
West Nile Virus West Nile Virus nucleic acid amplification test
Chagas Antibodies to T. cruzi

Improved testing methodology and the use of nucleic acid amplification testing has improved the
sensitivity and often specificity of these assays and has significantly decreased the window period (the
period between infection and its detection by tests). If the test result from a donated unit of blood is

abnormal for any of these disease markers, the unit is discarded and the donor is notified.

Other tests of blood
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For a selected group of recipients who are susceptible to significant morbidity from cytomegalovirus
(CMV) infection, cellular blood components (red cells and platelets) may be tested for CMV serology to
reduce transmission of CMV; however leukocyte-reduction also reduces CMV risk and thus leukocyte
reduced cellular components are considered to be CMV-reduced risk. For transfusion and red cell
exchange in certain neonatal populations, donor blood may be screened for the presence of the HgbS to
optimize oxygen delivery. Because of the risk for bacterial growth due to room temperature storage
conditions, platelet components are also tested using several different methods of bacterial detection by

blood collecting agencies and transfusion services.

SPECIAL TYPES OF BLOOD DONATIONS
7. What are the advantages and disadvantages of designated or “directed”” donations?

Fear of transfusion-transmitted diseases may lead a patient to request “designated donors,” i.e.,
donors known to a patient and selected for donation with the stipulation that their blood be reserved for
a specific patient’s use. Arguments against the concept of designated donors include:

¢ An additional, significant clerical burden with concomitant increased opportunity for clerical

errors.

e Coordination of the timing of donation prior to the time of surgery may cause some difficulty.

e The possibility of coercion of the blood donor may induce the donor to withhold information that

would ordinarily make them ineligible to donate.

e Loss of donor confidentiality and legal protection since donor identity is known to the recipients.

The concept that individuals known by the transfusion recipient may provide safer blood than units
collected from the volunteer donors is not valid. Because of the potential increased risk for
alloimmunization of an Rh negative female who receives a blood transfusion from an Rh positive male
sexual partner and subsequent hemolytic disease of the newborn, blood transfusions from a male donor
to a female sexual partner are not recommended. Cellular blood components from blood relatives

carry an increased risk of causing transfusion associated graft-versus-host disease (TA-GVHD), even in
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an immunocompetent recipient, and should be irradiated to prevent TA-GVHD." While an objective
advantage to designated donations is not apparent and such donations in some instances may even cause

harm, they may alleviate some fear in patients.

8. What is a limited (minimal) donor exposure program?

Limited donor exposure transfusion is based on the assumption that decreasing the number of donor
exposures will result in a concurrent decrease in transfusion-related infections or complications.”  This
is most often used in the pediatric and neonatal patient populations. A donor, often a parent, may
donate multiple units of blood over a period of time designated for a particular patient. Transfusion
services may assign a particular RBC unit to a pediatric patient and take aliquots from the RBC unit for
the shelf-life of the unit. The short shelf life of platelets limits the applicability of this practice for this
component though some hospitals elect to assign single donor apheresis platelet units to neonates. The

same donor may also donate apheresis platelets a few days before the recipient’s surgery date.

BLOOD COLLECTION
9. How does the preparation of whole blood, blood components, and apheresis components
differ?

A blood donor may donate whole blood or donate a specific component of blood using apheresis
technology (e.g. apheresis or single donor platelets). At the time of whole blood donation, blood is
collected into a sterile plastic bag containing an anticoagulant-preservative. Integral tubing connected
with satellite bags allows for the separation of whole blood into various components using differential
speed centrifugation techniques (Figure 1.) One whole blood donation may be separated into 1 unit of
plasma, 1 unit of RBC, and 1 unit of whole blood-derived (“random donor”) platelets. Each of these
components are then stored under optimal conditions. Processing whole blood into its components
permits transfusion therapy directed at replacement of a particular constituent of blood (i.e. plasma
proteins, red cells, or platelets), permits several patients to benefit from one blood donation, and avoids

the administration of unnecessary blood components.
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Figure 1. PRBC = Packed red blood cells; PRP = Platelet-rich plasma; FFP = Fresh frozen plasma;
Cryosuper = Cryosupernatant; CryoPP = Cryoprecipitate. (Figure from

http://diaglab.vet.cornell.edu/clinpath/modules/coags/compprod.htm date last accessed November 11,

2007)° Please note that platelet rich plasma (PRP) is centrifuged and made into one random donor

platelet unit (RDP) and one unit of platelet poor plasma.
Apheresis technology is used to collect red cells, platelets, or plasma from a donor and then returns

the remaining constituents to the blood donor; an apheresis donation may take up to 90 minutes based

on the technology used. See section 20 on Platelets.
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TRANSFUSION RECIPIENT PRETRANSFUSION COMPATIBILITY TESTING
10. Why would the blood bank reject a patient specimen collected for pre-transfusion

compatibility testing?

Strict adherence to the specimen labeling requirements may significantly decrease erroneous blood
grouping and consequently decrease the likelihood of transfusing potentially life-threatening ABO
incompatible blood components. One study found that specimens that failed to meet specimen
acceptability criteria were 40 times more likely to have a blood grouping discrepancy.” The
phlebotomist must label each blood specimen tube with two independent patient identifiers and the date
of collection in the presence of the patient. There must be a mechanism to identify the phlebotomist.
Each institution should have policies and procedures that define specimen identifying information and
how to manage mislabeled specimens. When a pre-transfusion specimen is received in the laboratory,
laboratory personnel must confirm that the information on the specimen label and on the pre-transfusion
testing request is identical. If there is any doubt about the identity of the patient or the labeling of the

specimen, a new specimen must be obtained.

11. What is the difference between a type, a screen and a crossmatch?

Pretransfusion compatibility testing is performed to prevent transfusion of incompatible blood that
may result in a hemolytic transfusion reaction.® (See Table IT) A type and screen (T&S) consists of a
group of tests performed on a patient’s blood specimen as part of pretransfusion testing and includes
typing the patient’s red cells for ABO and Rh blood groups and screening the patient’s plasma or serum
for the presence of unexpected non-ABO antibodies. The ABO group is determined by typing the
patient’s red cells using anti-A and anti-B reagents (forward type) and by testing the patient’s serum
against A and B reagent cells (reverse type). The patient’s RBCs are also tested with Anti-D for the
presence (Rh positive) or absence (Rh negative) of the D antigen. The patient’s serum or plasma is
screened for the presence of unexpected antibodies by incubating it with two selected reagent red cell

panels (screening cells) that contain all of the critical non-ABO antigens using an antihuman globulin
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(AHG) technique (indirect antiglobulin test or Coombs test). The screening cells are Group O and are
selected in such a way that all common non-ABO red cell antigens capable of inducing clinically
significant red cell antibodies are represented on at least one screening cell. Two, three or four
screening cells may be used. A clinically significant red cell antibody is one that may result in
hemolysis and/or hemolytic disease of the newborn. If an antibody is detected in the patient’s serum or
plasma, the antibody screen is considered positive. ABO group, Rh type and antibody detection
screening take approximately 45 minutes to perform. If the antibody screen is negative and the patient
has no past history of unexpected antibodies, the patient may receive RBC that are tested for ABO
compatibility by performing an immediate spin crossmatch or an electronic/computer crossmatch.
ABO- and Rh-compatible blood is selected from the inventory and issued within five to 10 minutes
following immediate spin crossmatch or computer/electronic crossmatch. If the antibody screen is
positive, the unexpected antibody or antibodies must first be identified before antigen negative-

compatible RBC units can be found and then crossmatched all of which usually takes several hours.

In a serologic crossmatch, the patient’s serum is incubated with an aliquot of red cells from a
specific donor unit to verify in vitro compatibility. A crossmatch is performed with a short incubation
time at room temperature (immediate spin) intended solely to verify ABO compatibility or with a long
incubation time at 37 C degrees (AHG crossmatch) intended to verify compatibility for clinically
significant non-ABO red cell antigens. The immediate spin crossmatch takes five to 10 minutes, while
the AHG crossmatch takes at least 45 minutes. The electronic/computer crossmatch may be performed
instead of an immediate spin crossmatch and uses a computer system to select a RBC unit based on a
series of validated computer algorithms. Serologic testing of the donor RBC unit with patient specimen

is NOT performed in this scenario.

A crossmatch is only performed if a valid (less than 72 hours old) T&S specimen is available and

should be ordered only if the likelihood of transfusing red cells to the patient is high. An AHG
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crossmatch is only required for patients with a current or past history of clinically significant unexpected

antibodies in their serum/plasma.

Table Il: Pretransfusion Compatibility Tests

Order Tests Performed Time to Perform
Draw and Hold NONE Not applicable
Type & Screen ABO and Rh ~45 minutes
(T&S) Antibody Detection Screen

Type and ABO and Rh ~60 minutes
Crossmatch Antibody Detection Screen

(T&C) Immediate spin or electronic crossmatch

(with negative
antibody screen)

Type and ABO and Rh Up to hours and may be
Crossmatch Antibody Detection Screen longer based on complexity of
(With positive Antibody identification antibody identification and

acquisition of antigen
negative blood if needed

antibody screen) Selection of antigen negative RBCs

AHG crossmatch

ADMINISTRATION OF BLOOD AND COMPONENTS
12. What are the advantages and disadvantages of component therapy?

The primary advantage of component therapy is that specific portions of the blood that patients
require can be administered, allowing several patients to benefit from one donation. Administration of
unnecessary or unwanted components is also avoided. In addition, the storage requirements of

components differ, and separation permits each to be stored under optimal conditions to enhance

component efficacy.

The primary disadvantage of component therapy is encountered in treating patients with massive
blood loss requiring massive transfusion since these patients would benefit from whole blood with
respect to not only restoration of oxygen carrying capacity but also restoration of hemostatic function
(i.e. via fresh platelets and plasma within whole blood). Multiple components are more expensive and
more difficult to transfuse than whole blood. In addition, exposure to the infectious complications of

transfusion can be increased as the number of donor exposures increases.
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13. What data must be verified prior to initiating transfusion of a blood component?

Accurate identification and linking of the transfusion component and the intended recipient may be
the single most important step in ensuring transfusion safety, as clerical or management system errors
are the most frequent cause of ABO-incompatible transfusions.” In the practice of anesthesiology, the
anesthesiologist typically represents the final point in the transfusion process where patient or blood
component identification errors can be detected and thus, he or she plays a critical role in patient safety
with respect to transfusion. The anesthesiologist is typically responsible for verifying specific
information prior to initiating transfusion of a blood component. The patient’s name and hospital
identification number on the patient’s identification band must be identical with the name and hospital
identification number on the form attached to the unit to be transfused. For anesthetized patients, the
name and hospital identification number on the form attached to the unit of blood to be transfused must
be verified with the patient’s name and hospital identification number on the patient’s
identification/anesthesia record. The patient should be asked his or her name preoperatively.
Attached to the unit to be transfused is the unit identification number. The anesthesiologist and
another individual (e.g. circulating nurse) must verify and confirm that the number on the unit matches
the label attached to the unit. The ABO and Rh type on the label attached to the unit must agree with
the blood type recorded on the unit to be transfused. The patient’s ABO/Rh type and the ABO/Rh type
of the component may not be identical, but the information on the unit and on the unit’s label must be
identical. The expiration date of the donor unit should be verified as acceptable before infusion. In
emergency situations, a temporary identification designation and/or number are assigned to patients
whose identifications are unknown. Finally, the unit should also be inspected for discoloration and

large clots or bubbles, which may indicate that bacterial contamination has occurred.

RED BLOOD CELLS

14. What red cell components are available?
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Whole blood units contain approximately 450-500 mL donated blood plus approximately 70 mL of a
citrate-based anticoagulant-preservative solution, which is utilized to maintain the viability of red blood
cells. One unit of whole blood collected and stored with citrate-phosphate-dextrose-adenine (CPDA-1)
solution has a 35-day shelf life and a hematocrit of approximately 35 percent. Whole blood is
indicated for acute, massive blood loss, although red blood cells and crystalloid solution can be used as

effectively. However, few blood centers or hospitals maintain an inventory of CPDA-1 Whole Blood.

Some have studied the use of fresh whole blood as an alternative to using red blood cells, platelets
and FFP in cardiac surgery. It was thought that autologous or allogeneic blood transfused within 12
hours of collection might reduce blood loss and the need for platelets and FFP. Although one study
showed less postoperative blood loss in infants,'’ most concluded that the logistic problems of obtaining
fresh blood from a prescreened donor outweighed any advantages.''  Nonetheless, its indication for
massive transfusion particularly in combat and in disasters is still under investigation, with studies

showing benefits (and even superiority) over component therapy. '

“Red Blood Cells” is the preferred term for what is frequently called “packed red blood cells.”
One unit of whole blood is separated into red blood cells and platelet-rich plasma by centrifugation
(Figure 1). Similar to whole blood, a unit of Red Blood Cells collected in CPDA-1 anticoagulant-
preservative solution has a hematocrit of approximately 70 percent and a shelf life of 35 days.
Alternatively, 100 mL of an additive solution such as Adsol® (AS-1), Nutricel® (AS-3), or Optisol®
(AS-5) can be added to Red Blood Cells with CP2D or CPDA-1 to prolong shelf life to 42 days and
decrease viscosity, reducing the hematocrit to approximately 60 percent. Most RBCS in the USA
transfused in USA are Adsol® units. Red Blood Cells are only indicated for raising the oxygen-

carrying capacity, although they also provide volume when given to patients acutely hemorrhaging.

Glycerolized Red Blood Cells are stored frozen at -65°C or lower for up to 10 years. Glycerol is

used to protect the red cells during freezing and thawing and is removed by washing before transfusion.
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Conventional washing process requires “entry” of the unit and thus the deglycerolized red cells are
available for only 24 hours at 1° to 6°C after thawing. Development of an automated closed cell
processing system in conjunction with using nutrient- additive solutions such as AS-3 have extended the

1314 This approach is indicated for

post-wash storability of the blood to 14 days following thawing.
prolonged storage of rare red cells for patients with antibodies to red cells with rare red cell antigen
phenotypes, storage of group O Red Blood Cells to treat patients during times of shortage (i.e.,
increases in local demand due to a large-scale catastrophe) and, occasionally, for autologous donors
unable to tolerate serial phlebotomy during the immediate 42-day preoperative period. Despite
thorough washing, small amounts of free hemoglobin may be visualized as a pink-tinged supernatant;

however, the unit should be returned to the blood bank (as should any red blood cell unit) if the

supernatant appears dark red and/or cloudy.

Leukocyte-Reduced Red Blood Cells are primarily indicated for patients with a history of multiple
febrile nonhemolytic transfusion reactions, for select patients who are frequent transfusion candidates
and thus at risk for alloimmunization to leukocyte antigens, and for prevention of cytomegalovirus
infection in high-risk patients who are immunocompromised (targeted populations).””  For the same
reasons (i.e. reducing the risk of cytomegalovirus transmission, febrile nonhemolytic reactions and
alloimmunization), Leukocyte-Reduced Red Blood Cells are increasingly being used in general
population of transfused patients and universal leukocyte reduction is now mandated in Canada and
many European countries as well.'® The same practice has been implemented in the US since 2005 on
a voluntary basis.'® In spite of being a safe procedure, the beneficial effects of leuko-reduction on
infection and mortality in non-targeted populations remain controversial.'”” However, certain patient
populations at high risk (e.g. trauma, cardiac surgery) with systemic endothelial activation/dysfunction
related to the systemic inflammatory response) may benefit from leukoreduced units to attenuate target
organ injury/ mortality as related to one of several potential mechanisms (e.g. platelet-leukocyte

complexes, cytokines or white cell mediators like elastase). This is supported by four randomized,
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controlled trials involving nearly 2500 patients, which revealed a 50-70% reduction in mortality in

patients who were randomly assigned to receive leukocyte reduced PRBC units.'*

Third-generation adsorption filters enable the removal of 99.9 percent of donor leukocytes and are
more effective than the cell washing and centrifugation techniques used previously. Nonetheless,
leuko-reduction filters have been linked to certain adverse reactions including, on rare occasions,
unexpected hypotension (i.e., secondary to charged filter induced generation of bradykinin and potential
accumulation due to reduced clearance in patients receiving acetylcholinesterase inhibitors), activation

16,17

of complement and coagulation and hemolysis. Specific leukoreduction filters are made for either

red blood cells or platelet transfusion.

Washed Red Blood Cells are prepared by centrifugation with saline to remove almost all plasma
and cytokines. They are indicated only for patients who have had severe allergic reactions associated
with transfusion or immunoglobulin A (IgA) deficiency. Washed red blood cells have transfusion
hazards similar to those associated with Red Blood Cells (including risk of transmitting hepatitis and
other infectious diseases) and they must be given through a standard blood filter, and can be stored no
longer than 24 hours because of the risk of bacterial contamination following washing in an open
system.”’  As in the case of frozen Red Blood Cells, development of automated closed wash systems is
expected to prolong the storage time beyond 24 hours.”> Washing of red cells may be used to remove

excess potassium from older units.

Irradiated Whole Blood or Red Blood Cells are blood components that have been exposed to a
standard dose of ionizing (gamma) radiation to render viable lymphocytes incapable of engraftment in
premature newborns, highly immunocompromised patients (e.g., bone marrow or solid organ transplant)
and blood relatives of directed donations to reduce the possibility of transfusion-related graft-versus-

host disease, a lethal complication.”® Increased membrane permeability has been noted after
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irradiation, with the irradiated red cells leaking potassium at an accelerated rate.**  Mild functional
impairment manifested by significant leakage of potassium and accumulation of plasma hemoglobin has
been demonstrated subsequent to gamma irradiation.”  This issue can become especially problematic if
blood is stored for extended periods of time following irradiation resulting in rare but serious incidences
of hyperkalemic cardiac arrhythmia or serious conduction abnormality (e.g. AV block, asystole).”
Washing the red cell component can be used to remove excess potassium. Irradiated Red Blood Cells
have a reduced storage period (not to exceed 28 days after irradiation) in order to limit the deleterious

effects this treatment can have.

15. How can the necessary volume for a red cell transfusion be estimated?

Red Blood Cells are indicated in symptomatic, anemic patients to restore oxygen-carrying capacity.
Hypovolemia due to either mild hemorrhage or dehydration without a significant reduction in red cell
mass should be managed with crystalloid or colloid solutions. Red cells may be used as a replacement
solution in the setting of severe bleeding (e.g. > 1-2 liters/hour) in an attempt to manage ongoing
hypovolemia/anemia. Transfusion volume required for individual patients can be estimated using the
patient’s hematocrit, blood volume and state of hydration. Identification of predictors of transfusion
requirement as a means to justify the number of units to cross-match for a particular patient is under
active investigation with numerous studies published. It should be emphasized that in many cases,
transfusion rates and/or amounts can be effectively reduced by employing blood conservation

: 26,2
techniques.***’

One unit of red blood cells will increase the hematocrit by approximately 3 percent and the
hemoglobin by about 1g/dL in the average adult.”® Ten mL/kg of Red Blood Cells will raise
hematocrit by 10 percent. The increase in the recipient’s hematocrit will vary depending upon many
factors, which include the donor’s hematocrit, the recipient’s fluid status and size, the anticoagulant-
preservative solution utilized, the rate of active bleeding and the duration of storage of the unit

transfused.
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16. Is there a safe level of anemia for surgical patients?

In recent years, it has been recognized that little stress is placed on the human body by acutely
reducing the volume of circulating red blood cells by as much as 15 percent to 30 percent, provided that
intravascular volume is maintained and that the starting hematocrit is normal.””  Acute isovolemic
reduction of hemoglobin to as low as 5 g/dL. may be well tolerated in healthy resting adults without
impairment in systemic oxygen delivery.”® However, the associated increase in heart rate might pose a
problem in context of ischemic heart in severe anemia or with substantial cardiac dysfunction (i.e.,
cardiomyopathy).”’  Nonetheless, in most of the cases, various hemodynamic and non-hemodynamic
mechanisms compensate for anemia without increasing oxygen demand in heart.”>  Although losses of
up to 40 percent of blood volume in young healthy patients can be treated adequately with crystalloid
and are generally well-tolerated, a loss of greater than 40 percent of total blood volume may be life-
threatening.” There is no single minimum acceptable hemoglobin for all patients. Chronic anemia is
better tolerated than acute anemia. The key to the tolerance of anemia is the maintenance of
normovolemia and compensatory mechanisms that increase cardiac output and improve oxygen
transport by elevating 2,3-diphosphoglycerate levels as well as the patient’s cardiovascular reserve.**
As mentioned earlier, patients with cardiac disease or atherosclerotic flow-restricting lesions have
limited adaptability to anemia, and are especially susceptible to detrimental effects of tachycardia.
Indeed, many factors should be considered in the transfusion decision, including the patient’s current
intravascular volume, the duration and extent of anemia, and the presence of pathology that affects
cardiopulmonary function and circulation. Suggested guidelines for transfusion must balance the risks
of transfusion, including possible infectious disease transmission, TRALI, bacterial sepsis, target organ
injury versus the need for oxygen-carrying capacity in recovery from trauma, surgery or illness. In the

33 the task force

“ASA practice guidelines for perioperative blood transfusion and adjuvant therapies,
noted in its recommendations that transfusion of “red blood cells should usually be administered when
the hemoglobin concentration is low (e.g., less than 6 g/dL in a young, healthy patient), especially when

the anemia is acute. Red blood cells are usually unnecessary when the hemoglobin concentration is
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more than 10 g/dL. These conclusions may be altered in the presence of anticipated blood loss or
active critical (i.e., myocardium, central nervous system or renal) or target organ ischemia. The
determination of whether intermediate hemoglobin concentrations (i.e., 6-10 g/dL) justify or require
RBC transfusion should be based on any ongoing indication of organ ischemia, potential or actual
ongoing bleeding (rate and magnitude), the patient’s intravascular volume status, and the patient's risk
factors for complications of inadequate oxygenation. These risk factors include a low cardiopulmonary

reserve and high oxygen consumption.”>

Studies in critically ill (i.e., within an intensive care unit setting) anemic patients without coronary

3536 and more

artery disease have shown restrictive transfusion triggers as low as 7 mg/dL to be safe,
studies in this field are underway. By all accounts, hemoglobin triggers for transfusion are not to
be taken as absolute indications and cardiac patients should be transfused if signs or symptoms of
inadequate myocardial oxygenation are present.’’ The same rule applies to other anemic patients.
Currently, red cell transfusion should be considered in:
e anemic patients with relative hypotension/tachycardia,
e new ST-segment depression more than 0.1 mV or new ST-segment elevation more than 0.2 mV,
new wall motion abnormality,
e mixed venous oxygen partial pressure less than 25 mmHg,
e Oxygen extraction rate more than 50%,
e mixed venous oxygen saturation less than 50% and more than 10% decrease in oxygen
consumption.
Available evidence supports transfusion in absence of physiologic signs with hemoglobin levels below 6

mg/dL in general patient population, below 7 mg/dL in patients above 80 years old or in

febrile/hypermetabolic patients, and below 8 mg/dL in patients with coronary artery disease or CHF.”’

17. How should emergency transfusion needs be met before crossmatched blood is available?
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While waiting for crossmatched blood to be available, emergency transfusion needs can be met in
various ways, depending on the clinical status of the patient and the equipment available. Most
patients can tolerate an acute decrease in hemoglobin and oxygen-carrying capacity providing
circulating volume is maintained. Crystalloid or colloid solutions may be infused to increase
intravascular volume and stabilize the vital signs, although overzealous administration of crystalloid to
normalize blood pressure may be disadvantageous in certain patient subsets (e.g., penetrating torso
injuries).”® In fact, studies have shown that attempting to achieve normal blood pressure in the setting
of active bleeding through extensive fluid therapy is associated with disruption of hemostatic
mechanisms, dilution of clotting factors, increased blood loss and decreased survival. Therefore,
maintaining blood pressure below normal (systolic 80 mmHg; mean 50-60 mmHg) and heart rate under
120 while closely monitoring indicators of organ ischemia are the suggested goals for early
resuscitation.””  If the patient has cardiac disease, pulmonary disease or cerebrovascular disease, and
acute anemia will pose increased risk, or if the patient is in extremis, then either type-specific or type O
Rh-negative red cells can be administered while waiting for a crossmatch to be performed. Type O Rh-
positive Red Blood Cells for males or postmenopausal females can be transfused in this setting as well.
Administration of Group O uncrossmatched blood is safe provided that the patient is not already

alloimmunized to any non-ABO red cell antigens.

Administration of a substantial number Group O Rh-negative blood may potentially lead to
hemolysis if multiple units of Group O Whole Blood (containing anti-A and anti-B antibodies) have
been transfused to patients with Group A or B blood. The patient can be switched back to his or her

inherent type-specific blood after subsequent testing by the blood bank indicates it is safe to do so.

Development of artificial oxygen-carrying agents (so called Blood substitutes) that can be easily
stored and readily given to patients with no crossmatching is expected to revolutionize resuscitation in
emergency setting. These products are not currently approved for use by the FDA and are discussed in

Sections 43 and 44.
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18. Which intravenous solutions are compatible with red blood cells?

When additive solutions such as Adsol® are used, no dilution of Red Blood Cells is necessary to
assure rapid infusion.** For red cells stored in other preservatives in which the hematocrit may be as
high as 70 percent to 80 percent, 60 to 100 mL of 0.9-percent saline can be added to Red Blood Cells to

facilitate rapid infusion and minimize hemolysis.

Calcium-containing solutions must not be added to blood, particularly at slow infusion rates,
because small clots may form due to the presence of calcium in excess of the chelating ability of the
citrate anticoagulant.*’  Hypotonic solutions such as 5-percent dextrose in water should not be used to

dilute red cells since clumping of the cells or hemolysis may occur.

Although isosmolar calcium-free electrolyte solutions can be used as diluents,*” the safest practice is
to use normal saline, as the exact content of commercially available electrolyte solutions may not be

readily recognized.

19. What filters are used to administer blood components?

Although an anticoagulant is added to blood when it is collected, small clots are occasionally present
in donor units, requiring filtration at the time of infusion. Standard blood administration sets usually
have a clot screening filter with a pore size of 170-200 um. These filters permit rapid transfusion and
should be used for administration of red cell components, platelet and granulocyte concentrates, FFP

and cryoprecipitate.

During storage, microaggregates consisting of platelets, leukocytes and fibrin form in red blood cell
products. These microaggregates can pass through 170 pm filters and lodge in the pulmonary
circulation. Therefore, use of microaggregate (20 to 40 um) filters has become increasingly popular in

the US,* although this practice has not been proven to reduce the incidence of respiratory distress
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syndrome in patients receiving multiple transfusions.** The usefulness of microaggregate filters is still
debated and there is no firm indication for their use during routine transfusions, even when large
volumes of blood are administered (massive transfusion). However, they are used during
cardiopulmonary bypass (arterial inflow cannulae) to prevent entrance of microaggregates into the

systemic circulation.

Third-generation adhesion/adsorption leukocyte reduction filters, which remove greater than 99.9
percent of the leukocytes, may be useful in reducing nonhemolytic febrile reactions (secondary to host
antibodies against donor leukocytes), cytomegalovirus transmission, human leukocyte antigen (HLA)
alloimmunization and platelet refractoriness. Leukoreduction filtration, if performed, usually is
conducted by the blood center shortly after collection. These filters are expensive and their exact role
remains to be identified. Moreover, they have been linked to certain side effects as mentioned

. 161
carlier.'®!

PLATELETS
20. How are platelets prepared and administered?

Random-donor platelets can be prepared from whole blood stored at 22°C within eight hours of
collection.””  After the collection of approximately 500 mL of whole blood into collection bags
containing citrate-based anticoagulant-preservative solution, the blood is centrifuged. Following
centrifugation, the platelet-rich plasma (PRP) is separated into an attached empty satellite bag. (Figurel)
This PRP is centrifuged again and separated into one unit of platelet concentrate and one unit of plasma.
Each unit of platelets contains approximately 5 x 10'° platelets in 50 to 70 mL of plasma. Any where

from 5 to 10 units of platelets may be pooled together in a single component bag.

Alternatively, platelets can be isolated from the buffy coat layer, following centrifugation of whole
blood in specific bags that removes RBC and plasma through tubings in the bottom and top of the bag.

The platelet-enriched buffy coat is further processed (through centrifugation and/or leuko-reduction
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filters) to eliminate WBCs and remaining RBCs. This method is currently employed primarily in
Europe and Canada and it permits storage of whole blood at 22°C for up to 24 hours prior to platelet

removal and provides some logistic and other potential advantages.*

In another increasingly utilized method, apheresis platelets (Single Donor) are obtained by
performing apheresis on volunteer donors. During this procedure, large volumes of donor blood are
processed into an extracorporeal circuit and centrifuged to separate the components. The red blood
cells and a certain percentage of the plasma are returned to the donor. A single donor donates the
equivalent of 3-5 x 10'" or four to six units of platelets suspended in a volume of 200 to 400 mL of
plasma. Pheresis-derived platelets minimize the number of donor exposures for the transfusion

recipient and have become the primary source of platelets in the US.*

Platelets should be stored at room temperature (20° to 24°C) for up to five days with continuous
gentle agitation to prevent platelet aggregation.  All platelet products should be tested for bacterial
contamination prior to transfusion. The administration of ABO-specific platelets is not strictly (i.e.,
usually limited to 300-500 mL of out-of-group plasma) required because platelet concentrates contain
few red blood cells. However, administration of non-ABO specific platelets may be of concern with
transfusion of pediatric patients with a small blood volume because of anti-A and/or anti-B in the
plasma. The administration of out-of-group pooled platelet components leads to transfusion of plasma
containing anti-A and/or anti-B, resulting in passive alloimmunization and may cause a weakly positive
direct antiglobulin test due to anti-A and or anti-B from the plasma. Platelets can be infused through a
platelet or standard component administration set with a 170-micron filter. Microaggregate filters (20-

micron to 40-micron) should not be used because they will remove most of the platelets.

21. What are the indications for platelet therapy?
The majority of platelet units are given prophylactically to prevent or to manage active bleeding in

surgical and non-surgical contexts. Platelets should be administered to correct a deficiency in either
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platelet number (thrombocytopenia) or platelet function (thrombocytopathy or qualitative platelet
disorders). One unit of apheresis platelets or a pool of 4 to 6 whole blood-platelets (derived from 4 to
6 units, “six-pack”) increases the platelet count by approximately 30-50 x 10”/L in the average adult.
For pediatric patients a dose of 10 ml/kg or one unit of platelets/10 kg will generally increase the
platelet count to adequate levels.*® Surgical and obstetrical patients with microvascular bleeding
usually require platelet transfusion if the platelet count is less than 50 x 10°/L and rarely require therapy
if it is greater than 100 x 10°/L.*> In patients undergoing CPB, platelet transfusion should be reserved
for those patients with excessive post-operative bleeding with no identifiable surgical source.*”  Factors
to consider for the transfusion of platelets for counts between 50-100 x 10°/L are the type of surgery,
extent of actual blood loss or microvascular bleeding, presence of potent antiplatelet medications (e.g.
clopidogrel, IIb/I1la antagonists etc) and disorders like uremia known to affect platelet function and
coagulation. Operation at critical sites (e.g. neuro or ophthalmic surgery) usually entails increasing the
platelet to around levels 100 x 10°/L in order to ensure adequate hemostasis with platelet counts above
50 x 10°/L.*”  Operative procedures ordinarily associated with insignificant blood loss may be
undertaken in patients with platelet counts less than 50 x 10°/L.*® It should be remembered, however,
that the platelet count does not provide an assessment of platelet function and platelet transfusion may
be indicated, even above 100 x 10°/L count, if platelet dysfunction is suspected when microvascular
bleeding is unresponsive to other therapies® and/or there is a recent history of taking aspirin or other
more potent or longer half-life platelet-inhibiting drugs (e.g. clopidogrel). Potent agents such as
glycoprotein IIb/I1Ib antagonists may require 2 or more apheresis platelet units to achieve normal
hemostasis while effects of some other agents (e.g., clopidogrel) have not consistently been shown to be
reversed with platelets.*® Various herbal compounds have been shown to interfere with platelet
function.””  Qualitative coagulation tests, such as bleeding time have been shown to have poor
reproducibility and limited value whereas newer platelet function tests such as thromboelastograph

031 While many studies have shown that general

testing may identify causes of platelet dysfunction.
prophylactic platelet transfusion trigger of 10 x 10°/L in non-surgical patients (e.g. in bone marrow

transplanted or leukemic patients with thrombocytopenia) is safe and associated with less platelet use,
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> If these patients are unstable,

compliance with this restrictive trigger remains somewhat low.’
bleeding or undergoing invasive procedures, the prophylactic platelet transfusion trigger in these
patients may be substantially higher.”> The prophylactic administration of platelets is not
recommended in patients with chronic thrombocytopenia caused by increased platelet destruction (e.g.,
idiopathic thrombocytopenic purpura and may in fact be ineffective (i.e., as related to platelet

refractoriness) in a substantial percentage of these patients).zl’33

FRESH FROZEN PLASMA
22. How is fresh frozen plasma prepared and administered?

After removal of red blood cells from the whole blood, the remaining platelet-rich plasma is further
centrifuged to separate the platelets from the plasma. The remaining plasma contains all the blood
coagulation factors, fibrinogen and other plasma proteins in a volume of 170 to 250 mL.>* The plasma
is then frozen within eight hours of phlebotomy to prevent complete inactivation of temperature-
sensitive (“labile”) coagulation factors V and VIII. At temperatures colder than -18°C, FFP can be
stored for up to one year with minimal loss of coagulant activity. Prior to the administration of FFP,
the plasma must be thawed in a waterbath at 37°C, which takes approximately 30 minutes. After
thawing, the units of FFP are stored at 1° to 6°C and are generally transfused within 24 hours. FFP
should be administered through a component administration set with a 170-micron filter. FFP which
has been thawed but not used within 24 hours can be relabeled as “Thawed Plasma” (TP) and stored at
1-6 °C for an additional 4 days. Thawed plasma maintains normal levels of all factors except factor V
which falls to 80% of normal and factor VIII which falls to 60% of normal. Since these levels are
above the in-vivo threshold for normal hemostatic function for these factors and FVIII is an acute phase

reactant, TP can be used as a substitute for FFP.>

23. What are the indications for fresh frozen plasma?
FFP is generally used for the treatment of microvascular bleeding due to congenital and acquired

coagulopathies resulting in a prolongation of either the activated partial thromboplastin time (aPTT) or
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prothrombin time (PT) greater than 1.5 times normal,”>”® or a coagulation factor assay of less than 25
percent.”* To control for differences in reagent sensitivity used to perform the PT, the international
normalized ratio (INR) was developed. The INR is calculated by the following equation INR = [PT
patient/PT geometric mean control]"™; the ISI or International Sensitivity Index value is designated for
each reagent/instrument combination using established standard reagents. Evidence-based data
supporting administration of FFP in patients with INR values <2 are lacking.”’ In emergent situations,
FFP may be used to reverse the effect of warfarin prior to surgery or during active bleeding episodes.
However, if time permits, oral or parenteral vitamin K will produce the same effect in six to 12 hours
without exposing patients to the risks associated with allogeneic blood components. FFP should not be
transfused prophylactically during massive hemorrhage, be used as a volume expander or be used as a
source of nutrition. In the patient who has been transfused with more than 1-2 blood volumes and PT
and PTT cannot be obtained in a timely fashion, FFP may be administered after administration of
platelets to correct microvascular bleeding believed to be due to coagulation deficiency.”> When FFP
is indicated, it should be administered in a dose calculated to achieve a minimum of 30 percent of
plasma factor concentration. Ten to 15 mL/kg of FFP will generally result in a rise of most coagulation
proteins by 25-30% (or increases in 0.25 to 0.3 U/mL), although a dose of 5 to 8 mL/kg may be
adequate to urgently reverse warfarin anticoagulation. This varies based on the initial levels of the

vitamin K dependent coagulation factors.”

CRYOPRECIPITATE
24. How is cryoprecipitate prepared and administered?

Cryoprecipitated antihemophilic factor, or cryoprecipitate, is prepared from a unit of FFP. It is the
cold-insoluble white precipitate that forms when a bag of FFP is thawed at 1° to 6°C. This cold-
insoluble material is removed following centrifugation and immediately refrozen at -18°C, and it can be

stored at this temperature for up to one year.58

Each unit of cryoprecipitate contains 80 to 150 units of
Factor VIII, 150 to 250 mg of fibrinogen, von Willebrand factor, Factor XIII, and fibronectin in a

volume of 5 to 15 mL.*® Cryoprecipitate must be transfused within four to six hours of thawing if
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given to replenish factor VIII levels and should be infused through a 170 to 260 micron component

filter.>’

25. What are the indications for cryoprecipitate?

Today cryoprecipitate is used primarily to augment fibrinogen levels depleted because of massive
hemorrhage or disseminated intravascular coagulopathy (DIC). Rarely, it is used for the treatment of
congenital or acquired Factor XIII deficiency. Cryoprecipitate can also be administered
prophylactically for nonbleeding perioperative or peripartum patients with congenital fibrinogen
deficiencies or von Willebrand’s disease (deficient or abnormal von Willebrand molecule) unresponsive
to desmopressin, a 1-desamino-8-d-arginine vasopressin (DDAVP).**  Although cryoprecipitate was
originally used to for patients with hemophilia A and von Willebrand’s disease, select intermediate
purity Factor VIII concentrates are standard therapy for von Willebrand’s disease and recombinant or
highly purified Factor VIII concentrate for hemophilia A because of its greater efficacy and safety
profile. The intermediate purity concentrate contains significant therapeutic quantities of the von
Willebrand’s component of Factor VIII, whereas the high purity preparations contain primarily the

hemophilia A component of Factor VIII.

For fibrinogen replacement therapy, one unit of cryoprecipitate per 10 kg body weight increases
plasma fibrinogen by approximately 50-70 mg/dL in the absence of continued consumption or massive
bleeding.”” The minimum hemostatic level of fibrinogen is less than or equal to 70-100 mg/dL.
Because cryoprecipitate does not contain Factor V, it should not be the sole replacement therapy for
disseminated intravascular coagulopathy (DIC), which is almost always associated with a variety of
factor deficiencies and thrombocytopenia.”’  Hence, fresh frozen plasma also needs to be administered
along with platelet concentrates in those settings where a coagulopathy secondary to DIC is likely

occurring.

ADDITIONAL PLASMA DERIVATIVES
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26. What other plasma derivatives are available?

A number of plasma derivatives are available to treat coagulation deficiencies. Factor VIII
concentrates are available to treat Factor VIII deficiency (hemophilia A). Although administration of
concentrated Factor VIII concentrates was initially associated with a relatively high incidence of
infectious disease transmission,”' advances in purification techniques and screening tests have
dramatically reduced the risk of disease transmission. The development of recombinant factor VIIIC in
many instances has replaced human-based blood derivatives for the treatment of Factor VIII deficiency.
Recombinant Factor VIIIC has the major advantage of not carrying the risk of transmitting viral
diseases. Mild Factor VIII deficiency and Type 1 (80% of von Willebrand’s disease) von Willebrand’s
disease (vWd) may be partially corrected with DDAVP. Administration of DDAVP is typically
associated with a significant increase in both circulating factor VIII and von Willebrand’s factor

(VW1).%

In addition to Factor VIII concentrates, other specific plasma derivatives available for management
of disorders of coagulation include Factor IX complex (prothrombin complex), Factor IX concentrate,
Fibrogammin P (Factor XIIla) and antithrombin III (ATIII) concentrate. Factor IX complex contains
clinically significant quantities of Factors II, VII and X in addition to Factor IX. Hence, besides being
originally used for the management of Factor IX deficiency (hemophilia B, or Christmas disease),
Factor IX complex also has been employed to treat isolated deficiencies of the other vitamin K-
dependent factors and to correct of warfarin-induced hemorrhage. However, this product activate the
hemostatic system, leading to thrombosis and DIC, particularly in liver disease associated with
associated ATIII deficiency or in patients on either extracorporeal membrane oxygenation or ventricular
assist devices with ongoing activation or DIC.”  In contrast, Factor IX concentrates contain negligible
amounts of Factors II, VII and X and consequently are much less thrombogenic; therefore, they are
preferred for the correction of an isolated Factor IX deficiency.”’ Recombinant Factor IX is currently

available and has the advantage of no infectious risk with transfusion.
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ATIII deficiency is usually congenital in origin but also can be acquired (i.e., in the setting of
prolonged exposure to unfractionated heparin). Because ATIII is the major plasma inhibitor of
thrombin, patients with ATIII deficiency are highly prone to thromboembolism. ATIII also has an
important role as an inhibitor of the activated serum protease factors II, IX, X, XI and XII. Because
the anticoagulant effect of heparin is predominately due to its ability to greatly increase the inhibitory
activity of ATIII, patients with moderate to marked ATIII deficiency may require ATIII replacement
therapy if they display evidence of heparin resistance. This is critically important for major
cardiovascular procedures and surgeries involving cardiopulmonary bypass. Normal ATIII levels can
be achieved by administering either human or recombinant preparation of ATIII concentrate.
Prophylactic treatment with ATIII concentrate also is recommended for patients with a hereditary
deficiency of ATIII (plasma level of 50 percent or less compared to normal) who have a history of
thromboembolism or are undergoing surgical or obstetrical procedures associated with a high incidence

of thromboembolism.* Recombinant, transgenic ATIII is not currently available.

ADVERSE EFFECTS OF TRANSFUSION
27. What is the risk of infectious disease transmission after transfusion?

Currently in the US, blood safety relies upon a system of voluntary donation with a detailed donor
history and a variety of serologic and nucleic acid testing techniques for HIV 1/2, human T-cell
lymphotropic virus (HTLV) I/I1, hepatitis C virus (HCV), hepatitis B virus (HBV), West Nile virus, and
Treponema pallidum.®>  These methods have led to a remarkable decrease in the incidence of
transfusion-transmitted viral infections and the blood supply seems to be safe. However, there always
exists the possibility that there may be a currently unidentified pathogen within our blood supply In
fact, transfusion-transmitted bacterial infections and sepsis (especially with platelet transfusions) now
overshadow viral infections as the most frequent infectious complications of transfusion.”® Use of the
new nucleic acid testing technology has decreased the window period to 11 days for HIV and 8-10 days

for hepatitis C.*”  Yet, blood donation by seronegative individuals may occur during the infectious
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window period when they are undergoing seroconversion and infection cannot be detected by available
laboratory tests. Newly emerging infective agents such as prions are other potential threats to blood
safety. New pathogen reduction /elimination technologies are under investigation to minimize the

residual risk of known and newly emerging infections.®

In many cases, blood is not the source of an infection that occurs following transfusion. Definitive
evidence of transmission by transfusion requires documentation of seroconversion or new infection in
the recipient and isolation of an agent with genomic identity from both the recipient and implicated
donor. Presumptive evidence of transmission via transfusion includes recipient seroconversion within
an appropriate interval after transfusion and/or identification of appropriate markers of infection in an
implicated donor on follow-up investigation. The diagnosis of transfusion-transmitted HIV infection is
most frequently made as a result of look-back procedures initiated by blood centers. Look-back
protocols involve the process whereby blood collection facilities attempt to identify prior recipients of
blood donated by individuals who subsequently test positive for HIV. Similar approach has been
employed to track down those who may have been infected by other agents (e.g. HCV) through blood

. 68
transfusions.

Bacterial Infection

There has been little improvement in reducing the risk of bacterial contamination since the
introduction of closed collection systems. Current risk estimates of bacterial infection are 1 per 2000
to 8000 platelet units and 1 per 28,000 to 143,000 red cells units.””  Transfusion-associated sepsis is the
most frequent cause of death from transfusion-transmitted infections and the second most common
cause of transfusion related death (20-30 deaths/ million units transfused) as reported to the FDA,”
representing 17-22% of all reported fatalities (1 per 50,000-500,000 units platelets and 1 per 8,000,000
red cell units.)®® The most common bacteria implicated in sepsis from red blood cells are Yersinia
enterocolitica (46%), Pseudomonas spp. (25%) and Serratia spp. (11%). The common organisms

identified in platelet units implicated in transfusion-associated sepsis include Staphylococcus spp.
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(42%), Streptococcus spp. (12%), Escherichia coli (9%), Bacillus spp. (9%), Salmonella spp. (9%),
Serratia spp. (8%) and Enterobacter spp. (7:0%). The major sources of bacterial contamination are
related to blood collection sites (i.e., skin at venipuncture collection site), asymptomatic or low-grade
bacteremia in donor, disposables, and the environment.”® With the implementation of culturing of
platelet units, the risk of reported (i.e., recognized) post-transfusion sepsis has declined to 1/75,000 and
the risk of fatality reduced to 1/600,000. Note, however, that most whole blood-derived platelet units are
not cultured but are tested using less-sensitive surrogate techniques at the time of this writing.”"
Hepatitis

Posttransfusion hepatitis may be evident clinically, but the majority of cases are subclinical.
Introduction of testing for HCV in 1990 and subsequent implementation of an improved test have
decreased the incidence of HCV. Current estimates are around 1 in 1,600,000 to 3,100,000 component

.. 67,69
units. 7

It is estimated that up to 90 percent of infections become chronic, but clinical liver disease
develops in only 10 percent to 20 percent. The incidence of transfusion-associated HBV, for which
testing has been employed for many years, is estimated to be 1 in 31,000 to 220,000.°%  Hepatitis A,
for which there is no carrier state, is rarely seen in association with transfusion. With transmission
being probable only during the brief period of asymptomatic viremia lasting a few weeks, the reported

% At this time, no

risk estimate is extremely low (perhaps in the order of 1 per 10,000,000 units.)
causal relationship between the newly discovered hepatitis G virus (also called GBV-C) and hepatitis
has been established. Current opinion is that the majority of cases of non-A, non-B, non-C hepatitis

. .. . 2
are due to an as yet undiscovered hepatitis agent or agents or to nonviral causes.’

Human Immunodeficiency Virus, Types | and |1

Testing for antibody to HIV-I and HIV-2 was implemented in 1985 and 1992 respectively. The

most recent estimates of HIV infection are 1 in 1,478,000 to 4,700,000 units.®”

Human T-lymphotropic Virus, Types | and Il
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The transmission of HTLV-I/II by transfusion is limited to cellular blood components and data
suggest that presence of viable lymphocytes is necessary of HTLV transmission.”” The estimated
transfusion risk is 1 in 1,900,000 units.””  Two diseases are associated with HTLV-I infection albeit
infrequently: 1) a chronic degenerative neurologic disease, HLTV-I-associated myelopathy (HAM) or
tropical spastic paraparesis (TSP) characterized by progressive lower extremity weakness, spasticity,
sensory deficits and urinary incontinence; and 2) adult T-cell leukemia/lymphoma. The lifetime risk of
developing overt neurologic or neoplastic disease is thought to be less than 4 percent.”* The

consequences of HTLV-II infection are less clear but also may include HAM/TSP.

Cytomegalovirus

CMYV can be transmitted by transfusion, but clinical disease in immunocompetent patients is rare.
Infection can lead to life-threatening multisystem disease in immunocompromised patients such as low-
birth-weight infants and bone marrow or solid organ transplant recipients. Use of leukocyte-reduced or
CMV-seronegative cellular blood components is recommended to prevent infection in patients at risk

for CMV disease.”

West Nile Virus

Recently, cases of transfusion-transmitted West Nile virus have been confirmed in the US.”
Following these reports, nucleic acid testing for West Nile virus was widely implemented in the US in
2003, which resulted in identification and removal of around 1000 potentially infected donations in the

6 .. .
same year.”® Transmission may still occur, however.

Other Infectious Agents

Transmission of parasitic diseases (malaria, babesiosis, toxoplasmosis and Chagas’ disease) is
extremely rare in the United States. Transmission of syphilis is also rare because Treponema pallidum
is a fragile organism that does not survive prolonged storage at 4°C. Although theoretically possible,

there has been no reported case of transfusion-transmitted Lyme disease. Other potentially
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transmissible diseases include Epstein-Barr virus, leishmaniasis, Lyme disease, brucellosis and several
human herpes viruses. Few cases of clinical disease (anemia) have been associated with parvovirus B-
19 transmission by blood component transfusion.””  Rare case reports of variant Creutzfeldt-Jakob
disease (vCJD) following receiving blood of persons who later developed vCJID put forward prions as
another potential risk.””  No cases of vCJD have been identified in the US except among individuals
whose travel or immigration would have excluded them from donating in this country. A number of
other agents have been shown to be transmitted by transfusion, but have not been documented to cause

clinical disease so far. These agents include TTV, SENV and GBV-C mentioned earlier.”

28. What are the manifestations of hemolytic transfusion reactions?
Hemolytic transfusion reactions (HTRs) involve lysis of red blood cells. The hemolysis can occur
intravascularly or extravascularly and can be caused by immunologic incompatibility between the donor

and recipient or result from nonimmune mechanisms.

Immune Reactions

Most serious HTRs are caused by transfusion of ABO-incompatible red blood cells. The incidence
of fatal HTRs is 1 in 300,000 to 1 in 700,000 RBC transfusions,”® but the incidence of ABO-
incompatible RBC transfusions is reported to be approximately 1 in 14,000 to 33,000 units.”  Risk of

acute HTR is estimated at 1 in 11,000 to as low as 1 in 1,000,000 units.*7>7

Signs and symptoms of
HTRs are usually evident during the transfusion and may occur following administration of as little as
10 to 20 mL of incompatible blood. Acute HTRs usually are caused by clerical or system errors
resulting in patients receiving the wrong red blood cells. The severity of a reaction is generally
proportional to the amount of incompatible blood infused, the type of incompatibility and the length of
time before treatment is initiated. Signs and symptoms include chills, fever, chest and flank pain, and
nausea. Patients often voice concerns that something is wrong with the transfusion. In the

anesthetized patient, the only signs may be hemoglobinuria, a bleeding diathesis and unexplained

hypotension.
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When an acute HTR is suspected, the transfusion must be stopped and the transfusion service
notified immediately so that a transfusion reaction investigation may be performed including rechecking
the crossmatched units. Treatment is directed toward the most serious sequelae — acute renal failure
and coagulopathy. Urine output should be maintained at a minimum of 1 to 2 mL/kg/hour with IV
fluids while alkalinization of the urine should also be considered. Furosemide may be administered
and low-dose dopamine may enhance renal cortical blood flow and be beneficial in treating
hypotension. Laboratory evaluation includes the direct antigen test, urine and plasma hemoglobin
determinations, other tests verifying hemolysis (elevations in LDH, bilirubin, and/or undetectable
haptoglobin) and baseline coagulation studies (platelet count, prothrombin time, activated partial

thromboplastin time and fibrinogen level).

Immune extravascular reactions, often referred to as delayed reactions, occur following transfusion
of red blood cells containing an antigen other than ABO to a patient with an undetected alloantibody.
Estimated risk of delayed HTR is much higher than acute HTR at about 1 in 1000 to 9000 units.**">"
The transfused red blood cells may survive initially, but may hemolyze within days to weeks. These
reactions represent an anamnestic response of an antibody undetected by pretransfusion compatibility
testing and therefore are not preventable. They may only become apparent because of a decreasing
hemoglobin level, an unexplained lack of therapeutic benefit from a red blood cell transfusion or with
detection of a new antibody when an antibody screen is repeated. Laboratory findings may include a
positive direct antiglobulin (Coombs) test and an unexplained rise in bilirubin. No treatment is
generally indicated, although antigen negative blood will be identified for the patient who may

subsequently require additional Red Blood Cell transfusion.

Nonimmune Reactions
Nonimmune hemolysis is generally preventable with strict adherence to proper handling and

administration of blood components. Exposure to hypotonic or hypertonic solutions (e.g., 5-percent or
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50-percent dextrose, respectively), thermal injury during blood transport, storage, processing (i.e., use of
excessive suction exceeding 150 mm Hg for cell salvage systems or a dysfunctional cell salvage
centrifuge) or administration, and inadequate deglycerolization of frozen Red Blood Cells can all cause

hemolysis.

29. What should be done if urticaria develops during transfusion?

Urticaria vs severe anaphylaxis is usually due to an idiosyncratic reaction involving transfused
allergens in plasma that interact with the patient’s tissue mast cells, causing them to degranulate and
release various inflammatory mediators. Most reactions are mild. The transfusion should be stopped
to ensure that the symptom is not a harbinger of a more serious reaction. Administration of an
antihistamine such as diphenhydramine is advisable. The remainder of the unit can often be

administered successfully at a slower rate.

30. What is the significance of increased temperature occurring during transfusion?

Fever is associated with several types of transfusion reactions and may be the first indication of
either a HTR or administration of a bacterially contaminated blood component. For this reason,
transfusion should be stopped and the cause investigated when a rise in temperature of 1°C or greater

develops in association with blood transfusion and is not explained by the patient’s clinical condition.

If red blood cells are being administered, an HTR should be considered. If platelets are being
transfused, bacterial contamination is more likely. The timing of the temperature elevation is
important. Fever due to an HTR or bacterial contamination tends to occur following infusion of a
small amount of blood and is rarely the only sign of a reaction. Hypotension accompanying a
temperature elevation should raise suspicion of an HTR or bacterial contamination. If a HTR is
suspected, the transfusion should be stopped, and an immediate clerical check, a direct antiglobulin
(Coombs) test and examination for free plasma hemoglobin should be performed. A Gram’s stain of

the blood component may be useful in diagnosing bacterial contamination. Febrile nonhemolytic
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transfusion reactions (FNHTRs) are secondary to infusion of blood-derived cytokines or recipient
antibodies to donor leukocytes occur most frequently in patients who require repeated transfusions, and
recurrent reactions are common. The diagnosis is usually one of exclusion. While not life-

threatening, an FNHTR may be extremely unpleasant for the patient.

31. What other adverse reactions may occur as a result of transfusion?
Transfusion is associated with a number of other acute and delayed reactions, in addition to

infection, fever, urticaria and hemolysis.

Allergic and Anaphylactic Reactions

Allergic, anaphylactoid and anaphylactic reactions involve interaction between an allergen (usually
a protein in the plasma of the transfused blood component to which the recipient was previously
sensitized) and IgE antibody present on the surface of mast cells and basophils in the tissues and
circulation of the recipient. The antigen-antibody interaction takes place on the surface of the cells,
activating them and causing release of various mediators of anaphylaxis (anaphylatoxins like
leukotrienes, histamine, bradykinin) that cause the signs and symptoms characteristic of the reactions.
The severity ranges from mild urticaria to bronchospasm, laryngeal edema, severe hypotension and
death — in general, the shorter the interval between initiation of transfusion and the onset of symptoms,

the more severe the reaction.

Minor allergic reactions occur in 1 per 20 to 2500 transfusions depending on the components used,
definition of reaction and the studied population. Similarly, major reactions range from 1 in 10,000 to
300,000 transfusions for components other than platelets and much higher rates for plasma-containing

73,80

components. Current estimates for the risk of minor allergic reactions after red cell transfusions

and pooled platelet transfusions are 0.4% and 4.1% respectively. As for major allergic reactions
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(anaphylactoid and anaphylactic), risk estimates are 1 in 23,000 red cell transfusions and 1 in 1,600

platelet pools—platelet transfusion.”

In addition to allergy-mediate bronchospasm or laryngeal/glottic edema, the differential diagnosis of
acute respiratory distress occurring during or within hours following transfusion includes circulatory
overload, transfusion-related acute lung injury (TRALI), the patient’s underlying disease or a
coincidental event unrelated to transfusion. Severe hypotension beginning soon after initiation of
transfusion may be due to a hemolytic transfusion reaction, septic shock from administration of
bacterially contaminated blood, or an unrelated clinical event. Fever usually accompanies the first two
reactions but not anaphylaxis. Cutaneous manifestations are characteristically associated with

anaphylaxis.

Transfusion must be discontinued immediately if an anaphylactic reaction is suspected. Treatment
is the same as for other anaphylactic reactions: epinephrine, diphenhydramine and corticosteroids, in

addition to appropriate fluid therapy and airway management.

Most anaphylactic and anaphylactoid reactions have no detectable cause. Although only a small
percentage of allergic reactions are related to IgA deficiency in the recipient, laboratory evaluation
should focus on the possibility that a patient is IgA deficient because of important implications for
future transfusion management. Any patient who experiences an anaphylactic reaction should have a
pretransfusion serum sample screened to quantify the IgA levels or to detect the presence of anti-IgA
(i.e., observed in 30-50% of IgA deficient patients). Testing is performed in reference laboratories, and
therefore, results may not be readily available. If anti-IgA is detected or IgA levels are undetectable,
the diagnosis of IgA deficiency is confirmed and the patient must be informed, and only blood
components from IgA donors should be administered. Until the diagnosis of IgA deficiency is

confirmed, only washed or deglycerolized RBC or washed platelets should be administered. Once the
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diagnosis is made, however, alloimmunized IgA deficient recipients should only be transfused with

components from IgA-deficient donors.

Bacterial Contamination

Bacteria present in stored blood can multiply and may elaborate toxins. Contamination during
collection, processing or storage is possible but is more likely to arise from the phlebotomy site or a
transient bacteremia associated with an unrecognized infection in the donor. Administration of a
bacterially contaminated blood component may result in high fever, tachycardia, hypotension, chills,
vomiting and diarrhea. Septic shock, oliguria and DIC can also occur in a subset of patients. Because
platelets are stored at room temperature which facilitates bacterial growth, bacteremia is forty times
more frequent following platelet administration than transfusion of refrigerated components. However,
several fatalities have been reported following transfusion of RBC contaminated with Yersinia

enterocolitica, a type of endotoxin-producing bacteria that proliferate at 4°C.”?

Febrile Nonhemolytic Transfusion Reaction

The most likely cause of fever in association with transfusion is FNHTR. The reported frequency
of FNHTRs varies according to component, component age, leukocyte content, patient population and
degree of surveillance. Overall, about 0.1 to 1 percent of RBC transfusions are associated with
FNHTRs, but the incidence is higher in chronically transfused patients.””  In the past, as many as 20 to
30 percent of platelet transfusions used to cause FNHTRs although more recent studies show
significantly less incidence particularly with leukocyte reduced platelets.*® These reactions usually
develop when most of or the entire component has been transfused and are accompanied by chills and
rigors. Other symptoms may include headache, nausea and a feeling of discomfort. In some cases,

symptoms might be limited to chills and rigors without any fever present.

FNHTRs are immunologically mediated reactions involving leukocyte antibodies in the patient’s

plasma (stimulated by previous transfusions or pregnancy) and antigens on donor leukocytes, causing
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release of endogenous pyrogens by the leukocytes. Cytokines released during component storage are
also implicated in causing FNHTRs.®  Leukocyte reduction of RBC prevents most FNHTRs but is less
effective in preventing recurrent reactions associated with platelet transfusions. Pretransfusion
prophylaxis and therapy of FNHTRSs consist of an antipyretic such as acetaminophen and administration

of meperidine for chills.

Transfusion-Related Acute Lung Injury (TRALI)

At a death rate of 30-40 deaths per million units transfused, TRALI is currently the leading cause of
transfusion-related death via FDA reporting mechanisms.”® Clinical presentation of TRALL in its
severe form, is indistinguishable from adult respiratory distress syndrome (ARDS) and is characterized
by acute onset (within minutes to 1-2 hours after transfusion), bilateral pulmonary infiltrates and

hypoxia without evidence of CHF.***’

However, due to differences in the initiating insults and risk
factors between TRALI and ARDS, some specific dissimilarities between the two entities exist. In
comparison to ARDS, TRALI is characterized by a much shorter time interval between exposure to the
precipitating risk factor (transfusion) and onset of clinical manifestations. TRALI resolves much faster
and has a lower mortality rate when compared to ARDS. TRALI usually develops within 6 hours
(most often less than 2 hours) of a transfusion, usually resolves within 24-48 hours, and has a mortality
rate of approximately 5-10%; whereas, ARDS does not usually develop until at least 24 hours after
exposure to one of its risk factors, has a duration often longer than 72 hours, and a mortality
approaching 30-60%. Because of increasing awareness and identification of TRALI and reductions in
the incidence of infectious and hemolytic complications of transfusions, TRALI is now a primary cause
of transfusion-associated mortality reported to the FDA and has become a frequent cause of transfusion-
related morbidity.™ It can occur after the transfusion of a variety of blood components such as red

blood cells, platelets and FFP but is most often seen after transfusion of the plasma-containing blood

components such as FFP and platelets. Symptoms of TRALI can be confused with other transfusion-
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and non-transfusion-related events such as anaphylaxis, hemolysis, circulatory overload and cardiac
failure.*> TRALI is believed to have been under-diagnosed and under-reported before, which might

explain the great variation in the current risk estimates of 1 in 8,000 to 70,000 units transfused.”

Depending on the initiating factor in the transfused component and the inflammatory state of the
pulmonary circulation, two different but at times complementary and overlapping pathogenic
mechanisms are thought to cause TRALI: “the classical-antibody mediated” for most, and “the two-hit
(inflammatory insult)” for some. Most cases of TRALI are due to passive transfer of donor-related
anti-leukocyte antibodies directed at HLA or granulocyte-specific antigens on the patient’s leukocy‘[es.86
This promotes priming and activation of a patient’s granulocytes leading to their pulmonary
sequestration and release of proteases, oxidants and leukotrienes which cause alveolar epithelial and
microvascular endothelial damage resulting in increased permeability an ultimate development of non-
cardiogenic pulmonary edema. The two-hit model of TRALI is similar to that which has been
proposed to cause ARDS. In the case of TRALI, however, the specific causative agent in the blood
component is unknown although there is growing evidence implicating a bioactive factors or white cell
priming lipids: CD40 ligand released by platelets or several reactive lipid-like substances
accumulating in red blood cells or platelets during storage. These compounds are referred to as
biological response modifiers (BRM) and can be the first pulmonary insult but are more likely the
second. The first insult or hit is generally systemic inflammatory condition secondary to major
surgery, sepsis, trauma or pulmonary aspiration that causes activation of the pulmonary endothelium and
polymorphonuclear lymphocytes (PMN) priming leading to their sequestration in the pulmonary
vasculature. The second hit occurs when the primed PMNs are activated by the BRM in the transfused

component. Therapy for TRALI is generally supportive and includes administration of high FIO2,

46



endotracheal intubation with mechanical ventilatory support in at least 70% of patients and either

volume or vasopressor support of hemodynamics.

Suspected cases of TRALI should be reported to the hospital transfusion service to enable initiation
of an appropriate investigation including testing of implicated donors for anti-leukocyte and anti-platelet
antibodies and typing recipients for HLA antigens (i.e., via leukocytes in a pre-transfusion blood
specimen or buccal swab technique). If donor leukocyte antibodies that react specifically to the
patient’s leukocytes are found, avoiding future transfusion of plasma-containing components from this
donor is recommended. The patient, however, is not at an increased risk of future TRALI reactions

with future transfusion.

Posttransfusion Purpura (PTP)

PTP is a rare disorder characterized by severe thrombocytopenia five to 10 days after transfusion in
a patient sensitized by prior transfusion or pregnancy. In most cases, PTP follows administration of
Red Blood Cells. The estimated risk is around 1 in 150,000 to 300,000 red cell units.””  Platelet
counts are often less than 10 x 10°/L.  Patients usually recover spontaneously, although corticosteroids
and intravenous immune globulin may be administered. The pathogenesis is unclear, but PTP is
presumably related to the development of a platelet-specific antibody in patients who are deficient of a

common platelet antigen (e.g. PLA-1) following transfusion.

Transfusion-Associated Graft-versus-Host Disease (TA-GVHD)
TA-GVHD occurs when immunocompetent donor lymphocytes are transfused to an HLA-
incompatible recipient or host (e.g. immunocompromised patients or patients receiving a blood donation

from a relative) who is immunologically incapable of eliminating the donor cells. Among the
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immunocompromised patients at risk are individuals with congenital cell-mediated immunodeficiencies
or Hodgkin’s disease, recipients of bone marrow transplants and patients receiving immunosuppressive

578 Immunocompetent recipients of directed donations from biologic relatives may also

therapy.
develop TA-GVHD. Clinical manifestations are usually evident within eight to 10 days after
transfusion and include fever, skin rash, diarrhea, liver dysfunction and pancytopenia, Death usually

occurs within three to four weeks secondary to bone marrow failure. Irradiation of blood components

virtually eliminates the risk of TA-GVHD in susceptible patients.

Immunomodulation

The beneficial immunomodulatory effects of allogeneic transfusion in improving renal allograft
survival have been known for many years, but considerable controversy exists regarding the question of
adverse immunomodulatory effects related to transfusion. Numerous retrospective reports suggest an
increased incidence of postoperative infection and earlier recurrence of resected malignancies in
transfused patients, but the same notion has not been confirmed by available controlled trials.*
Critical evaluation of the reports has led some investigators to question whether transfusion causes these
deleterious effects or whether the adverse effects are related to factors, such as the need to be transfused.
Donor leukocytes are the prime suspect in immunomodulation. Leukoreduction may decrease post-
operative infections in certain patient groups, especially those undergoing cardiac surgery.”™' At this
time, circumstantial evidence suggests an association of allogeneic transfusion with infection and cancer

recurrence, but a causal relationship has not been proven.

Other adverse events
Other adverse events and complications of transfusions include alloimmunization, serologic

reactions, volume overload, electrolyte (e.g. hyperkalemia) or acid/based abnormalities and
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hemochromatosis. Transfusion of an incorrect blood component (not necessarily ABO-incompatible)
is another risk associated with transfusions. Examples of this risk include erroneous transfusion of
blood units with positive infection disease test results or issuance of allogenic blood to patient when

autologous blood is available.’”

MASSIVE TRANSFUSION
Massive transfusion can be defined as the acute replacement of more than one blood volume or more

than 10 units of PRBC within several hours.”>"*

A dynamic definition of massive transfusion, such as
the transfusion of four or more red cell concentrates within one hour when ongoing need is foreseeable,
or the replacement of 50% of the total blood volume within three hours, may be more appropriate in the
acute clinical setting.”” The most common clinical situation leading to massive transfusion is extensive
trauma; however, it also may occur in non-trauma settings during surgical procedures causing large
blood loss especially after cardiothoracic surgery. Beside surgery, blood transfusion is a main therapy
option for the treatment of acute traumatic shock. However, in trauma patients, the ideal solution to
manage hypovolemia and anemia involves administration of fresh whole blood since this approach
restores not only oxygen carrying capacity and oxygen delivery but also hemostasis via maintenance of
normal levels of coagulation factor and platelets. Fresh whole blood is very difficult to provide by the
blood bank due to logistical and testing issues. The incorporation of blood transfusion in resuscitation
protocols for trauma victims is supported in the Advanced Trauma Life Support (ATLS) guidelines of

the American College of Surgeons.” However, massive transfusion affects multiple homeostatic

functions of the body which are described in section 32.

32. What mechanisms lead to coagulopathy during massive transfusion?
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The etiology of coagulopathy during massive transfusion is multifactorial. Coagulation defects
develop not only from dilution of platelets and coagulation factors when crystalloid, colloid and red
blood cells are used to replace lost volume but also from hypothermia, tissue hypoperfusion with
resultant lactic acidosis and other trauma-related events (e.g. DIC triggered by release of tissue factor
from apoptotic cells).”” Coagulopathy associated with massive transfusion is clinically characterized
by the presence of microvascular bleeding or oozing from the mucosa, wound, and puncture sites. The
development of acidosis, DIC, hypothermia and, rarely, a hemolytic transfusion reaction may
accompany massive transfusion and complicate the ability to effectively manage the coagulopathy.”’
Thus, empiric formulas using ratios of various components to volume lost or administered are
inadequate to treat or prevent coagulopathy related to massive transfusion. Treatment of the
coagulopathy should include restoration of systemic perfusion, maintenance of normal temperature,
resolution of acid-base abnormalities and blood component therapy when supported by abnormal

laboratory tests in the setting of active bleeding.

33. Are prophylactic platelets and fresh frozen plasma indicated in massive transfusion?

Platelets should not be routinely administered during massive transfusion.””® While
thrombocytopenia may develop in massively transfused patients, administration of platelets should be
reserved for the patient exhibiting microvascular bleeding, and a platelet count less than 50 x 10°/L.
Platelet transfusion may be necessary for patients with intermediate platelet counts (50-100 x 10°/L) if
the risk for more bleeding is significant.”> It should be noted, however, that prophylactic
administration of platelets is not warranted but rather “pre-emptive” use is advocated. For example, if
a patient is massively bleeding one does not wait until the platelet count drops to less than 50K or until
the INR is greater than 2 to start to address the coagulopathy especially since it can take 30-45 minutes

to prepare plasma (thaw) in the laboratory.
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3399 In the massively

FFP also should not be administered prophylactically for massive transfusion.
transfused patient, clinical bleeding associated with coagulation factor deficiencies is unlikely until
factor levels fall below 20 percent of normal. In the clinical setting, this usually does not occur until
greater than one blood volume has been replaced and the PT and PTT are greater than 1.5 -1.8 times
control values based on studies performed in the trauma and cardiac surgical settings.’®**!%*1!
Conversely, in a trauma patient with massive bleeding a rise in the PT may be a “late” sign that the
patient is developing a severe dilutional coagulopathy.'®*'®  In the event that the PT and PTT cannot

be obtained in a timely fashion, FFP may be administered for correction of microvascular bleeding in

patients transfused with more than one blood volume.*

The exact role of off-label use of recombinant activated factor VII to manage bleeding that cannot be
controlled by conventional measures remains to be clarified. However, preliminary results from case
reports and case series are promising.”  Until more safety data is published, clinicians should use this
agent judiciously as a “rescue therapy” in patients with life-threatening (i.e., > 1 liter/hour) bleeding that
is unresponsive to routine hemostatic therapy (e.g. platelets, FFP, etc.) and does not have an identifiable
surgical source.'”  For trauma patients presenting with exsanguinating hemorrhage, coagulopathy
correction beginning with aggressive FFP administration early in pre-ICU phase may improve ICU

S

resuscitation response and outcome.'” It may be appropriate to include the administration of RBC,

FFP and platelets at fixed ratio in early (pre-ICU) resuscitation protocols for bleeding trauma patients;

1.1% Tt has to be emphasized that

however this practice has to be verified in a large scale clinical tria
once bleeding is controlled and the patient is hemodynamically stable, the transfusion of blood and
blood components should be guided by bedside and laboratory tests as well as the clinical status of the

patient.'*
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34. How should coagulation be monitored during massive transfusion?

There is no single coagulation test that will give complete information on coagulation function
during massive transfusion. The use of routine coagulation tests to evaluate protein coagulant activity
or quantitative factor deficiencies such as PT, PTT and thrombin time, have not reliably predicted
perioperative bleeding,'”’ but they can identify patients with deficiencies of coagulation factors.>®
These standard laboratory tests along with platelet count and fibrinogen level should guide the
component therapy. The bleeding time is not predictive of perioperative bleeding and is rarely

accessible in the operating room setting.'®®

The activated clotting time (ACT) is influenced by
hypofibrinogenemia and coagulation factor deficiencies and this lack of specificity limits ACT as a

useful test during massive transfusion.

Whole blood clotting analysis, as assessed with the Thromboelastograph® (TEG) and Sonoclot®,
provides a dynamic picture of the entire clotting process. Both the TEG and Sonoclot® measure the
viscoelastic properties of blood as it clots. These tests evaluate the development of a blood clot from
the initial fibrin strands to eventual clot retraction or lysis. The clinical utility of use of a TEG during

liver transplantation'® and cardiac surgery” "%

to guide component therapy has been demonstrated.
Other emerging tests that assess qualitative platelet abnormalities (i.e., such as the PFA-100, Ultegra,
Ichor) may be useful to identify patients who may benefit from platelet augmentation (e.g. platelet

transfusion, DDAVP). The usefulness of TEG or Sonoclot® during massive transfusion has not been

established.

35. What metabolic problems occur during massive transfusion?
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The potential metabolic problems resulting from blood transfusion are hyperkalemia, citrate toxicity,
hypothermia, hypomagnesemia, acidosis and impaired oxygen-carrying capacity of hemoglobin.'*'"*
Potassium increases in the plasma of stored blood as potassium leaves viable erythrocytes. After 21
days of storage, plasma potassium concentrations approach 25 to 30 mEq/L. However, hyperkalemia
is rarely a problem in adults for two reasons: 1) there is very little plasma in Red Blood Cells and 2) the
potassium that is present leaves the intravascular space of the recipient and rapidly moves intracellularly
unless there is a starting hyperkalemic state as related to renal insufficiency. Current technology
allows for blood infusion rates at greater than 500 mL/min. These infusion rates may limit the time

available for potassium redistribution to occur without resulting in hyperkalemia.'"’

Also, infants may
receive disproportionately higher volumes of blood cells rapidly and will be at increased risk of acute
hyperkalemia from stored blood. Washing the cells before administration removes the potassium.

The electrocardiogram should be monitored in all patients for signs of electrolyte abnormality during
rapid infusions. Hyperkalemia exacerbates the cardiovascular effects of hypocalcemia.
Administration of calcium rapidly antagonizes hyperkalemia by promoting transfer of potassium into

cells while administration of sodium bicarbonate, glucose/insulin and beta-2 agonists are also

administered to lower blood potassium levels.

Citrate toxicity occurs when ionized calcium is significantly reduced by citrate present in
anticoagulant preservative solutions. The liver rapidly metabolizes citrate, and endogenous calcium
stores are released to help prevent a fall in ionized calcium. However, in states of shock, these
mechanisms may be impaired. Citrate toxicity is potentiated by the rapid administration of large

volumes of citrated blood components.''°

Low ionized calcium levels may cause hypotension,
narrowing of the pulse pressure, increased cardiac filling pressures, gross muscle tremors and

electrocardiogram changes (prolonged Q-T interval). Toxicity is enhanced by hypothermia and a
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depressed hepatic function that slows the normal rate of citrate removal by the liver. Administration of
exogenous calcium is indicated during massive transfusion when the measured ionized calcium is low
and there is evidence of cardiovascular compromise (hemodynamic or prolonged Q-T interval) not
attributable to other causes. Citrate also has an affinity for the magnesium ion; and the occurrence of

hypomagnesemia in the setting of massive transfusion has been reported.''*

Stored blood is acidic (pH of 6.6 to 6.9) due to the citric acid in the anticoagulant and the
accumulation of carbon dioxide and lactic acid from erythrocyte metabolism.'">  The acid load
resulting from transfusion is rapidly reversed in the presence of normal tissue perfusion. Patients with
adequate perfusion are likely to become alkalotic as the lactate and citrate are metabolically converted to
bicarbonate by the liver. However, monitoring of blood pH is helpful to ensure normal arterial pH
since the acid-base response is variable during transfusion. Prophylactic administration of alkalinizing
agents such as sodium bicarbonate or tris-hydroxymethyl aminomethane (THAM) is unnecessary and

may cause serious alkalosis and hypernatremia.

The erythrocyte concentration of 2,3-diphosphoglycerate (2,3-DPG) decreases with storage,
reducing the delivery of oxygen to the tissues (leftward shift of the oxyhemoglobin dissociation curve or
to the confirmation shape change of the red cell from decreases in intracellular 2,3-DPG and ATP).'"?
However, over a period of eight to 24 hours after transfusion, 2,3-DPG is restored to normal. Studies
in healthy humans receiving massive transfusions reveal no evidence of impaired oxygen delivery.
However, in patients with impaired blood flow to the heart, brain or other organs, a reduction in oxygen

transport due to reduced 2,3-DPG could be deleterious. The consequences of massive transfusion are

beyond the immediate coagulation and metabolic abnormalities. Massive transfusion has been
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implicated as a cause of TRALI, modulation of the immune system (immunosuppression), GVHD and

systemic inflammatory reaction.’

36. Is it necessary to utilize blood warmers during massive transfusion?
When massive transfusion is required, hypothermia (temperatures below 35°C) is likely to occur.
Low ambient temperature, large open wounds, initial infusion of room temperature fluids, and blood

stored at 4°C are contributory factors.'"’

The potential effects of hypothermia include ventricular
dysrhythmias, shivering, increased oxygen consumption, cardiac arrest and citrate toxicity secondary to
reduced metabolism of citrate and lactate. Hypothermia contributes to coagulopathy in the operating
room by causing reversible platelet dysfunction, altering coagulation, and enhancing fibrinolysis.
Unfortunately, the contribution of hypothermia to the hemorrhagic diathesis may be overlooked because
coagulation testing is usually performed at 37°C.""*  Warming of blood, as well as all other fluids
during massive transfusion are essential to prevent systemic hypothermia. Warming blood also
enhances the intracellular transfer of potassium. High efficiency intravenous fluid warming units are

required during rapid, large volume blood replacement.'"’

CARDIOVASCULAR AND TRANSPLANT SURGERY

The hemostatic management of patients undergoing cardiac surgery is a complex issue because of
the need to maintain a delicate balance between anticoagulation for cardiopulmonary bypass (CPB) and
hemostasis after CPB. These two opposing processes must be managed carefully and modified with
respect to the patient’s hematologic status, time during cardiac surgery, and desired hemostatic outcome.

During CPB, optimal anticoagulation dictates that coagulation is antagonized and platelets are prevented
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from activating, so that microvascular clots do not form on the extracorporeal circuit. Following
surgery, coagulation abnormalities, platelet dysfunction, and fibrinolysis occur and create a patient in
whom hemostasis integrity must be restored. This complex system of anticoagulation with heparin,
antagonism with protamine, and postoperative hemostasis therapy could not be performed without

careful and accurate laboratory monitoring.120

In cardiovascular surgery, transfusion practices should
be guided by analysis of laboratory parameters and physiologic parameters such as those listed in

section 16.

37. How should coagulation be monitored during and after cardiopulmonary bypass?

Heparinization for cardiopulmonary bypass can be monitored using functional tests of
anticoagulation and quantitative measures of the level of circulating heparin. The anticoagulant effect
of heparin should be monitored functionally before placing the patient on CPB. The activated clotting
time (ACT) is a clot-based assay performed on whole blood using an activator and an endpoint detection
method. The ACT result may have an artifactual prolongation by hemodilution, hypothermia, and
extreme degrees of thrombocytopenia, but despite its substantial limitations, it is still considered a gold
standard for monitoring anticoagulation. Heparin concentration monitoring can be performed using an
automated, whole blood protamine titration assay and a clot-based detection system. Heparin
concentration monitoring is useful when heparin levels are low yet the ACT is prolonged due to other
clinical conditions (sepsis, DIC, quantitative coagulation factor or platelet abnormality). The
confirmation of heparin neutralization is also most accurately done using heparin concentration
monitoring or an ACT assay that incorporates a heparin-neutralizing agent into it to serve as a control.

(i.e. heparin-neutralized thrombin time, heparinase ACT).
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38. How should transfusion in cardiac and complex vascular patients be directed?

The Society of Thoracic Surgeons Blood Conservation Guideline Task Force has recommended that

transfusion of hemostatic allogeneic blood products after cardiac surgery should be based upon

laboratory parameters that are measured as part of a transfusion algorithm.'?!

Clinical and physiologic
parameters such as those listed in section 16 should also be used for transfusion decision. Transfusion
algorithms coupled to point-of-care or laboratory-based testing have been studied in cardiac surgery and

SLILIZ-2S - The tests included in

have been very successful in reducing transfusion of blood products.
the algorithm should be those that most closely measure the hematologic abnormalities that are felt to be
most common for that surgery. For example, tests of platelet number and/or platelet function are often
studied first. The particular tests used in the algorithm are not as important as the careful and wise
application of such algorithm. The thromboelastograph (TEG®), PFA-100® and point-of-care PT
monitors are a few of the monitors that have demonstrated efficacy in cardiac surgery transfusion
algorithms. Hemostasis management of patients undergoing cardiac transplantation is similar to that
for any complex cardiac surgery. Many cardiac transplantation surgeries are re-operations and require

explantation of a ventricular assist device. For these reasons, careful hemostasis monitoring is

especially critical during and after cardiac transplantation.

Cardiac surgery in patients having recently ingested clopidogrel can result in excessive bleeding,
hemorrhage, increased transfusion requirements, and excessive morbidity postoperatively.'**'*"  This is
due to the synergistic platelet defect of CPB plus the anti-aggregatory effects of the drug clopidogrel.
Observational studies have shown excess morbidity associated with the use of clopidogrel prior to CPB,

but do not support the empiric transfusion of platelet concentrates. The Society of Thoracic Surgeons

Blood Conservation Guideline Task Force has recommended discontinuation of anti-platelet (e.g.
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clopidogrel, IIb/Illa antagonist) or antithrombotic (e.g. direct thrombin inhibitors, LMWH) agents at

different time intervals prior to surgery based on their pharmacodynamic half-life.

39. How should transfusion in Liver transplantation patients be directed?

Patients undergoing liver transplantation have a variety of coagulation abnormalities that render

them hypocoagulable.'*®

They have deficiencies and dysfunction of the proteases that participate in the
coagulation cascade (i.e., coagulation factor, anticoagulant molecules), as many of these factors are
made in the liver. Hepatic transplantation is also associated with hypersplenism and platelet
sequestration leading to thrombocytopenia. Primary fibrinolysis is also common after reperfusion of
the grafted liver. Liver transplant surgical patients can potentially consume a large volume of
allogeneic blood product transfusions during and after surgery and may benefit from careful
management with point-of-care coagulation testing. The TEG is the coagulation monitor that has been

studied to the greatest extent and measures many aspects of the hemostatic system from coagulation to

fibrinolysis.'"”

AUTOLOGOUS TRANSFUSION
40. In which patients is preoperative autologous donation indicated?

Although the medical indications for predonation of blood for autologous transfusion are limited,
patients who might benefit from predonation of autologous blood include:

e those with multiple red blood cell antibodies,

e those with a rare blood phenotype,

e those who are scheduled for elective high blood loss procedures.
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The collection of autologous blood should be based on the anticipated need for each patient, taking
into account that patient’s medical condition, the scheduled surgical procedure and the transfusion
history of the particular procedure. Patients should not be encouraged to donate autologous blood
components for surgical procedures such as routine cholecystectomies, routine hysterectomies,
uncomplicated pregnancies or other cases in which there is very low or no likelihood of the patient
requiring transfusion unless the patient has multiple alloantibodies and a rare RBC phenotype. The
MSBOS (see section 2) can be used to help determine the expected transfusion needs for a given
surgical procedure. Cases best suited for preoperative donations of autologous blood include major
orthopedic surgical procedures — total knee replacement, total hip replacement and scoliosis correction.
Also appropriate for preoperative autologous donation are major urologic and gynecologic oncology

cases for which transfusion is anticipated.

Criteria used for accepting patients for autologous donation are less stringent than those used for
selecting allogeneic donors. The AABB standards state that a patient may donate autologous whole
blood if his or her level of hemoglobin is 11 g/dL or greater.?!  Although other screening criteria, such
as age and weight, are left to the judgment of the patient’s physician, young children, especially those
under 45 kg, may need special consideration due to their smaller blood volumes. Patients who pre-
donate blood for autologous transfusion should have the last donation no later than 72 hours prior to
surgery to allow re-establishment of intravascular volume. Further, the patient should not have an
active infection or bacteremia at the time of donation. ~Certain medical conditions may be considered
contraindications to preoperative autologous blood donation. Patients with severe aortic stenosis,
unstable angina and severe left main coronary artery disease are often disqualified for autologous
donation. These patients may not tolerate a sudden shift in blood volume or a decrease in oxygen-
carrying capacity (hemoglobin level) without adverse consequences. In addition, any patient with any

active infection is deferred from donation to avoid re-infusion of bacterially contaminated blood.
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Autologous transfusion is not without risk.  Clerical errors can occur. Predonated blood can still
be mislabeled and mistransfused or bacterially contaminated. Further, if the red cell volume is not
expanded with erythropoietin, folic acid and iron therapy prior to surgery, the patient might become
anemic by the time of surgery as a result of multiple autologous donations The indications for
transfusion of autologous blood are supposed to be the same as allogeneic blood but sometimes people
use them more liberally due to reduced transfusion-related risks including infectious disease
transmission and alloimmunization.”> Use of autologous blood has reduced over the last several years
possibly due to the public perception of increased safety of the allogeneic blood supply and its’ high
costs (Note: Autologous units transfused in the institution in which they were collected need not be

tested for infectious disease markers.)

41. What is acute normovolemic hemodilution?

Acute normovolemic hemodilution (ANH) is a technique in which blood is collected from the
patient prior to operative blood loss with simultaneous replacement of cell-free solutions to maintain
intravascular volume and a normovolemic state. Utilization of ANH may reduce the need for and the
potential risks associated with allogeneic blood while providing a source of fresh autologous whole
blood for transfusion. In addition, the decrease in the patient’s hematocrit and blood viscosity as a
result of ANH potentially improves tissue perfusion and reduces intraoperative red cell loss (blood lost
contains fewer red cells per unit volume). Despite 30 years of experience with ANH, the safety and

efficacy of ANH is still actively debated.'”

There is potential risk associated with a decrease in hemoglobin and subsequent reduction in arterial
oxygen content (CaO;). The primary compensatory mechanism to maintain oxygen delivery to the
tissues with ANH is an increase in cardiac output. With the oxygen content of the blood supply to the
myocardium reduced and an augmented cardiac output increasing myocardial oxygen consumption, the

most significant potential complication from ANH is myocardial ischemia.”® However, these risks are
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minimized with normovolemic hemodilution over pre-autologous donation since the systemic and

myocardial oxygen consumption is reduced under general anesthesia.

Patient selection for ANH is based on a number of factors including expected blood loss (surgery
where a T&C is needed), preoperative hemoglobin concentration and the relative absence of significant

and poorly controlled cardiac, pulmonary, renal or hepatic disease.'

In addition, the patient should be
free of infection and have normal clotting function. Concerning expected blood loss, it should be
anticipated that the patient will lose greater than or equal to 1500 mL or an equivalent of 30 percent of

estimated blood volume.

Various formulas have been used to determine the amount of blood to be withdrawn to reach a
desired hematocrit. While a linear formula fails to correct for the successive decrease in hematocrit
accompanying hemodilution, a simplified formula has been developed that approximates the more

accurate natural logarithm between the initial and final hematocrits as follows: "'

Volume to be removed = EBV x (Ho-Hf)/Ha

EBYV represents the patient’s estimated blood volume; Hg is the patient’s initial hematocrit; Hf is the

final or desired hematocrit after blood withdrawal; H, is the average of the initial and final hematocrits.
The blood may be withdrawn from a central or large peripheral vein or an artery and collected in

standard blood bags containing anticoagulant solution.

Crystalloid or colloid, or both, are infused simultaneously during blood withdrawal. When
crystalloid is used, an amount approximately three times the volume of blood withdrawn must be
infused due to the almost instantaneous redistribution of crystalloid into the extracellular, extravascular
compartment. This carries the potential risk of acute fluid overload and tissue edema.”®  Colloid

solutions remain in the intravascular space and may be infused in equal volume to the amount of blood
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withdrawn. The collected units of blood may be stored at room temperature up to eight hours or at 1°
to 6 °C for a maximum of 24 hours if storage at 1° to 6 °C is begun within eight hours of collection.
Normovolemic hemodilution is frequently performed via the venous cannulae of the cardiopulmonary
bypass circuit just prior to initiation of flow during cardiac surgical procedures. In these type of
procedures (i.e., cardiac operations), the patient will also potentially benefit from a hemostatic

perspective via preservation of coagulation proteins and platelets within the collected units.'**

42. When is intraoperative blood salvage indicated for autotransfusion?

Intraoperative blood salvage and reinfusion is used in an effort to reduce allogeneic blood
transfusion. It is indicated in a variety of surgical procedures whenever major blood loss is
anticipated.'”® Intraoperative blood salvage usually becomes cost-effective when 1,500 mL or more of
blood is collected; however, it does eliminate some of the risks of allogeneic blood transfusion (see
sections 27 and 28), even when smaller volumes are salvaged and allogeneic blood can be avoided. It
is also indicated if the patient has a rare blood type and adequate amounts of allogeneic blood cannot be
found. Intraoperative blood salvage is often acceptable to Jehovah’s Witnesses, provided the salvaged
blood remains in continuity with the patient’s circulation. When intraoperative blood salvage is
utilized, the patient should be free from bacterial infection and the operative field from contamination by
malignant cells. (Note: Currently available red cell recovery instruments are not designed for direct
re-infusion and do not have air detectors. Caution must be exercised to prevent fatal air embolism, and
red cells from these devices should never be administered under pressure.) A risk of blood salvage

during obstetrics delivery as related to risk of amniotic fluid infusion.

Intraoperative blood salvage is typically accomplished with a semicontinuous flow device that
utilizes special suction tubing that allows mixing of recovered blood with an anticoagulant solution.
Blood is collected in a reservoir and then centrifuged to separate the blood components, and the red

blood cells are washed and then directed to a collection bag for transfusion. Blood can also be
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collected with canister systems and reinfused following washing or only filtration both intraoperatively
and post-operatively. Other limitations or complications of cell salvage include:
e hemolysis via a dysfunctional centrifuge or use of high suction pressures (>150 mm Hg)
¢ inadequate removal of either cellular debris or anticoagulant via dysfunctional or low volume (<
3 bowel volumes) processing which can lead to either DIC, a generalized systemic inflammatory
response or hypotension (i.e., with citrate)
e bleeding (i.e., with heparin) related to inadequate removal of blood thinner used,
¢ infection via contamination of disposable circuits or loss of platelets or coagulation factors if
process volumes are extreme (> 2-3 liters) in the setting of use to process cardiotomy bleeding

during cardiac surgery.

ARTIFICAL OXYGEN CARRIERS (BLOOD SUBSTITUTES) (AOC) AND
PHARMACOLOGIC ALTERNATIVES
43. What oxygen-carrying blood substitutes are available?

Although advances in transfusion medicine have improved the safety of administering donated blood
components, transfusion-related risks persist. A safe substitute for the red blood cell therefore remains
desirable. The development of clinically useful red cell substitutes (also called “oxygen therapeutic
agents”) has mostly focused on hemoglobin-based oxygen carriers (HBOCS) and a class of

compounds called perflurochemicals (PFCs).

HBOC solutions have been developed from animal, recombinant and human sources. The potential
advantageous of these agents involve use with trauma or battlefield scenarios, in patients who either
refuse blood or who cannot get compatible blood (rare phenotypes or multiple alloantibodies) or as an
adjunct with one or more of the following: normovolemic hemodilution, radiation therapy, as a contrast
medium for image enhancement, with carbon monoxide poisoning or treatment for acute lung injury.
Many studies demonstrate a substantial reduction in transfusion requirements when blood substitutes

134,135

have been used with normovolemic hemodilution during cardiac surgery. While promising, basic
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problems related to HBOC:s include the toxicity of hemoglobin solutions, a short half-life, increased
vasoactivity (i.e., vasospasm) and a relatively high colloid oncotic pressure and affinity for oxygen.
Initial trials of purified hemoglobin were plagued with many complications including renal dysfunction,
which were partly attributed to free hemoglobin molecules in plasma. Modification of the hemoglobin
molecules (i.e., polymerization, tetramer encapsulation, conjugation) was proposed to reduce these
complications and aldehydes and other cross-linking reagents were used to make first-generation

polymerized hemoglobin solutions.'*

Other advances have led to solutions with greater purity through
elimination of stromal contaminants; a P50 near the normal range; increased half-life using conjugation
with other macromolecules such as polyethylene glycol and a molecular size sufficiently large to

. . . . . . 136.13
prevent the osmotic diuresis that was seen with earlier solutions."**"’

Some examples include
PolyHeme®, Hemopure® and Hemospan®. While approved in some other countries, Hemopure®
trial is on clinical hold in the US. Published results of a phase III clinical trial on PolyHeme® are

1.1 Concerns still exist, however,

expected in 2007 and Hemospan® is entering phase III clinical tria
about the safety, side effects and efficacy of these newer products and these concerns must be resolved
in the ongoing and coming clinical trials before any of the oxygen-carrying solutions will be approved
for general use in humans. Other HBOCs such as hemoglobin vesicles and nanoparticles have been

also proposed, but their development has been slowed by many complexities.'**!**

PFCs are synthetic compounds that have high oxygen solubility. They contain no hemoglobin or
proteins and transport oxygen dissolved in the plasma rather than bound to hemoglobin. The first-
generation PFCs (e.g., Fluosol®) had limited usefulness due to a number of problems, including
activation of complement, a short half-life and the necessity for concurrent administration of a high

. . . . . 13
inspired oxygen concentration and it was withdrawn."’

Second-generation emulsified PFCs such as
Oxygent® have greater oxygen-carrying capacity, but Oxygent® use was found to be associated with
neurologic complications and further research was suspended. It is a matter of debate however, if the

observed complications were due to Oxygent or other trial-related factors.”””  Other variants of PFCs
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have been developed and are under investigation, but the role of these compounds as temporary oxygen

carriers remains to be defined."’

44. What volume expanders are available?

Normal saline and lactated Ringer’s solution are the most commonly used volume substitutes.
Noncrystalloid volume expanders currently available in the United States include albumin, hydroxyethyl
starch, dextrans and purified protein fractions. All of these substances are effective volume expanders
that distribute throughout the extracellular space and not solely in the intravascular space; however, they
do not provide oxygen-carrying capacity and they can produce coagulopathy via dilution or via an
acquired vWD state."*®  The debate over colloids versus crystalloids administration for volume

expansion in surgery has persisted for over 40 years.

Albumin, a protein solution of approximately 95% albumin and 5% other plasma proteins, is
available as a 5-percent or 25-percent solution and has been widely used for its oncotic properties. The
25-percent solution has an oncotic equivalent to five times that of plasma. Serum albumin is prepared
from pooled human plasma and is heat-treated to eliminate viral and bacterial contamination. There
have been no reports of cases of hepatitis or HIV transmission by albumin. Albumin (5-percent) can be
used as a volume expander in patients with adequate oxygen-carrying capacity but should not be used to

correct nutritional deficiencies. Some Jehovah’s Witnesses will not accept albumin.

The safety of albumin use was seriously questioned when the Cochrane Injuries Group performed a
meta-analysis on data from 30 randomized trials comparing the use of albumin with other fluid regimens
for intravascular volume replacement in critically ill patients."*!  Excess mortality of 6.8% was
identified in the patients that received albumin compared to other fluid therapy whereby suggesting the
increased mortality was related to fluid therapy (relative risk of mortality 1.68; 95% confidence interval:
1.26,2.23). As aresult, the Food and Drug Administration (FDA) issued a Letter to Healthcare

Providers expressing concern over the safety of albumin administration to critically ill patients.
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Subsequently, the SAFE study, which was the largest randomized but not blinded controlled trial to date
on the safety of albumin, has been published. The SAFE study found no difference in mortality rate of
patients in the general intensive care unit (ICU) that received albumin versus normal saline (relative risk
of mortality 0.99; 95% confidence interval: 0.91, 1.09).'*  There were 6997 critically ill study
participants who were randomized to receive either 4% albumin or normal saline for intravascular fluid
resuscitation. Secondary analysis of pre-specified subgroups of patients with ARDS, severe sepsis, and

trauma also showed no differences concerning albumin or normal saline administration.

Hydroxyethyl starch (HES), a synthetic polymer derived from the starch amylopectin, is available
in a 6-percent solution in normal saline. HES is available in two forms in the United States, HES in
normal saline, Hespan®, and HES in Lactated Ringers, Hextend®. HES has a large molecular weight
and its volume expansion effect lasts 24 hours (equal to albumin), with trace amounts detectable in the
circulation up to 17 to 26 weeks. It is recognized that HES can affect coagulation as evidenced by
increases in PTT, PT and bleeding time and decreases in Factor VIII, fibrinogen and von Willebrand

143-145 " While a number of studies have found no increase in blood loss when HES is

factor.
administered as compared to other colloids in non-cardiac surgical patients, , recent evidence
demonstrates that HES administration was associated with increased bleeding in cardiac surgical
patients especially if volumes exceed 15 mL/kg are administered.'*®  As a result, the United States
FDA required a new warning on the package insert for 6% HES in normal saline that states that this
solution “is not recommended for use as a cardiac CPB pump prime, while the patient is on CPB or in
the immediate period after the pump has been discontinued because of the risk of increasing coagulation

d.”'* There are

abnormalities and bleeding in patients whose coagulation status is already impaire
other HES, gelatin and dextran formulations available outside of the USA which may not have the
coagulation effects of the first generation, high molecular weight, HES currently used in the USA."*®

In a review of HES, the authors conclude that it is difficult to recommend a maximum safe dose because
patient response may be idiosyncratic and published data do not support the 20 mL/kg safe guidelines

for Hespan.'*’
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Dextrans, large glucose polymers, are available as dextran 40 (molecular weight 40KD) or dextran
70 (molecular weight 70KD). Dextrans can interfere with platelet function, red cell function or blood
crossmatching and are associated with the potential for anaphylaxis. Therefore, dextrans are rarely
used as volume expanders. Promit®, dextran 1 (molecular weight 1KD), should be administered prior
to dextran 40 or dextran 70 to reduce the risk of anaphylaxis. Dextran 1 acts as a hapten that binds
with dextran 40 or dextran 70. Dextrans can improve microvascular circulation by decreasing blood

viscosity and coating endothelial cells to minimize platelet and red blood cell aggregation.'*’

Purified protein fractions (PPFs) consist of 88 percent albumin as well as 12 percent globulin
fractions not contained in albumin preparations. PPF is heat-treated like albumin to eliminate the risk

associated with viral or bacterial contamination.

PHARMACOLOGIC MANIPULATION OF COAGULATION
45. What drugs are available to promote hemostasis, and how are they used clinically?

Research continues to find pharmacologic agents that may reduce blood loss and help in the
management of coagulopathies. Pharmacologic adjuncts that have such a clinical application include:
DDAVP; lysine analogues [epsilon-aminocaproic acid (EACA), tranexamic acid (TXA)] serine protease

inhibitors (aprotinin)); and recombinant human factor Vlla.

DDAVP was designed for use in the treatment of diabetes insipidus. It was created as an analogue
of the antidiuretic hormone vasopressin but was found to affect coagulation: DDAVP causes the
release of both components of the Factor VIII complex — Factor VIII:C (coagulant portion) and the von

150" The released vWF consists chiefly of large

Willebrand factor (VWF) from vascular endothelial cells.
multimers that are potent stimulants of platelet adhesion. DDAVP is helpful in the treatment of
bleeding in patients with mild-to-moderate hemophilia A and may be given prophylactically to decrease

surgical blood loss in these patients.””® Because DDAVP releases preformed Factor VIII:C from
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endothelial cells, it is most helpful in mild hemophilia patients who have a supply of Factor VIII to be
released. Severe cases of hemophilia, who have less than 1 percent of normal Factor VIII:C activity,
show little response to DDAVP. Patients with the Type I form of vWD (80 percent of the patients with
vWD) present with a quantitative deficiency of vWF but with normal multimeric composition. These
patients benefit from DDAVP therapy. Type IIA (low to normal plasma levels of vWF but decreased
or absent high- and medium-weight vWF multimers) show a variable response. Type IIB patients
sometimes develop a transient severe thrombocytopenia due to extreme platelet aggregation mediated
via release of very high molecular weight multimers; DDAVP is contraindicated in these patients.
DDAVP is not effective in type III vWD patients and those with severe forms of type I and II. Benefits

and limitation of DDAVP therapy in vWD are being further evaluated in a number of studies.""'

Although DDAVP can shorten the bleeding time in patients with uremia,'** widespread use of
recombinant erythropoietin has made this abnormality of hemostasis much less frequent than it was
previously since increased hematocrit results in increased platelet and vessel wall interaction.'™  In
1986, Salzman et al."** demonstrated that DDAVP reduced blood loss and transfusion requirements by
approximately 30% compared to placebo during complex cardiac surgery. Unfortunately, clinical
benefit of DDAVP in reducing blood loss and transfusion requirement in cardiac and non-cardiac
surgeries in patients without pre-existing coagulation disorders has not been confirmed in meta-

5

analyses."”>  Overall, available evidence does not support empiric use of DDAVP in patients without

bleeding disorders undergoing surgery.

DDAVP has few side effects. If given rapidly by IV administration, it can produce hypotension via
release of endothelial prostacyclin, and because of its antidiuretic hormone (ADH)-like activity,
DDAVP may induce hyponatremia. Theoretically, DDAVP could lead to thrombotic events due to its
enhancement of platelet adhesion. Increased risk of myocardial infractions has been reported in some

7

meta-analyses, *° but not in others."”” Nonetheless, use of DDAVP in patients with ischemic heart

disease should be cautioned.
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The lysine analogues and aprotinin are helpful in controlling bleeding from the action of plasmin,
the fibrinolytic enzyme produced by the conversion of plasminogen to plasmin by plasminogen
activators. Therefore, these agents had been expected to be useful in a variety of conditions or
procedures that are associated with either 1) excess fibrinolysis, such as surgery involving CPB or liver
transplantation, or 2) involve tissues in the body that contain high concentrations of tissue plasminogen

activator.

The lysine analogues and aprotinin have been used in cardiac surgery for a number of years and
have been shown to decrease blood loss and transfusion requirements.**'**'%  Although the initial
rationale for their use was based on a belief that CPB-induced hemostatic defects were primarily due to
increased fibrinolysis, subsequent investigation has demonstrated that platelet dysfunction plays a
significant role in the coagulopathy associated with CPB as well.  Of the commonly available agents,
aprotinin is the only agent FDA approved, the most expensive, and there were early reports of a possible
increase in early saphenous vein graft closure in patients undergoing reoperative CABG associated with

aprotinin therapy.'®

However, a large randomized trial involving over 800 patients and use of
postoperative catheterization to evaluate graft patency only showed a small increase in vein graft
occlusion by aprotinin which was not significant when all covariates were included in a multivariate

analysis.'**

Although there is no evidence of an increase in thrombotic complications when either
EACA or TXA is administered to patients undergoing cardiac surgery, results from several of the meta
analyses revealed that there was a trend for either an increase in myocardial infarction or death with
either half-dose aprotinin or EACA; these observations support the notion that there may be an
undiagnosed subset of patients with hypercoagulability who may be at risk for thrombotic complications

in the setting of inhibition of fibrinolysis, an important clot breakdown pathway.'®

Antifibrinolytic agents have been also employed to decrease blood loss during surgical procedures

that involve tissues of the body that contain high concentrations of tissue plasminogen activator.
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Release of tissue plasminogen activator increases local fibrinolysis (plasmin production) and bleeding.
Tissue plasminogen activator is found in high concentration in the saliva of the mouth, in the brain, in
gastric mucosa and in the prostate gland. The antifibrinolytic agents have been employed in
hemophilia patients undergoing dental surgery, in patients with a subarachnoid hemorrhage to prevent
rebleeding, in those patients with gastritis or peptic ulcer disease, and in those undergoing surgery on
the prostate gland to decrease bleeding. Excellent results are obtained in the hemophilia patients
undergoing dental surgery in which the antifibrinolytic mouthwashes dramatically reduce perioperative

bleeding.'®

The two synthetic antifibrinolytic lysine analogues EACA and TXA bind reversibly to both the
precursor molecule, plasminogen, and to plasmin, inducing conformational changes in both. Binding
to plasminogen blocks the ability of plasminogen to bind to fibrin and its enzymatic conversion to
plasmin. Binding to plasmin can displace or prevent this molecule from binding to fibrinogen or a
fibrin surface. Therefore, these antifibrinolytic agents can prevent the proteolytic digestion of
fibrinogen to fibrin and, likewise, of fibrin to fibrin degradation products as well as preserve GP Ib
receptors, Factors V, VIII and fibrinogen which are consumed by plasmin. Effects of TXA is more

7" More recent

potent and long-lasting than EACA in in vitro and it is generally used more widely.'
studies have confirmed that prophylactic administration of TXA (and to less extent EACA) can reduce
blood loss and/or transfusion requirement in cardiac,'®”'® liver'® and orthopedic'” surgeries. Their

low cost and rare risks and side effects make lysine analogues (particularly TXA) attractive prophylactic

regents to promote hemostasis in surgeries.

Aprotinin, isolated from bovine lung tissue, is a naturally occurring inhibitor of serine protease
enzymes. Mechanism of action of aprotinin is complicated and still under investigation. It has been
suggested that by binding to plasmin, aprotinin prevents the degradation of fibrin and fibrinogen, and it
may also help to preserve platelet function by preventing plasmin-induced degradation of platelet

glycoprotein 1b, which is the platelet receptor for vVWF. In addition, at higher doses aprotinin also
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inhibits tissue and plasma kallikrein. Because kallikrein participates in contact activation of Factor
XII, inhibition by aprotinin would decrease the amount of thrombin generated and effectively produce a
weak anticoagulant effect. Thrombin is a powerful platelet aggregator, and therefore, aprotinin may

exert a protective effect on platelet function by two different mechanisms.

Several meta-analysis have confirmed aprotinin benefits in reducing blood loss and transfusion in
cardiac surgery based on available evidence with a distinct advantage of this agent with respect to
statistically reducing reexploration for bleeding and at least some of them demonstrating a superiority

with respect to a reduction in either blood loss or transfusion.' !

A more recent study by the same
group has demonstrated aprotinin superiority over lysine analogues in reducing blood loss and
transfusion.'”?  Similar benefits have been reported in orthopedic and (with less certainty) liver
surgeries.'””  In spite of abundant evidence to support aprotinin benefits, recent safety concerns have
shadowed its widespread use. Aprotinin was believed to be generally well-tolerated with major
adverse reaction (hypersensitivity) occurring rarely (but increased risk if used repeatedly or within 12
months of previous exposure). However, recent studies have reported increased risk of renal

173174 However, data from the US

dysfunction, heart attack and stroke in patients receiving aprotinin.
database encompassing over 4000 randomized patients (Bayer database via web site) as well as data
from another recent analysis involving 23,000 patients' "> do not support their findings. Given all these
data, FDA has recommended that use of aprotinin be limited to situations where decreased blood loss is
necessary in management of the patients and outweighs the potential risks and perhaps judicious use in
patients at increased risk for renal complications until more studies are performed. Also, patients

receiving aprotinin should be carefully monitored for toxic effects in the kidneys, heart and brain until

. . 1 6
further evidence becomes available.!”

Off-label use of recombinant human factor VIIa (rFVIla) to control bleeding has been rising
recently. While rFVIla is currently indicated for the treatment of bleeding episodes in hemophilia A or

B patients with inhibitors to Factor VIII or Factor IX or for patients with hereditary Factor VII
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deficiency, anecdotal reports suggest its usefulness as a hemostatic agent in management of intractable
bleeding in trauma, obstetrics and surgical patients with coagulopathies. Use of rFVIla as a
prophylactic agent to prevent surgical bleeding in patients without pre-existing coagulopathies is

controversial.'®’

Concerns have been expressed about its potential to cause unwanted thromboses,
especially in patients who are thrombophilic. According to a recent consensus panel, off-label use of
rFVIla was rated appropriate only in limited circumstances involving life-threatening bleeding when
significant clotting factor or platelet replacement has failed after cardiac, thoracic aortic, or spinal

surgery; hepatic resection; hysterectomy; or postpartum bleeding.'*

Other possible appropriate
situations include severe multiple trauma (with unsuccessful surgery and blood replacement),
nontraumatic intracranial bleeding within 4 hours of symptom onset and traumatic intracranial bleeding
associated with anticoagulant use and hematoma expansion. While rise in off-label use of rFVIla is
expected to continue, randomized controlled trials are needed to evaluate its efficacy in preventing
blood loss in routine surgeries as well as to adjust dose and timing of administration as well as to

104,177

evaluate cited concerns regarding safety. Considering its rather high cost, cost analyses are also

required.

46. What topical hemostatics are available and how are they used clinically?

There are a variety of commercially available topical hemostatic agents such as absorbable gelatin

1

sponge,'”® collagen based materials,'” fibrin'® and oxidized cellulose.'®' Absorbable gelatin sponge

(Gelfoam), microfibrillar collagen (Avitene) and oxidized cellulose (Surgicel) are the topical hemostatic

o 182
agents in widest use.

Topical hemostatic agents are of great value to significantly reduce bleeding
complications. They are applied when cautery, ligature, or other conventional hemostatic methods are

impractical or ineffective.'®
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An ideal hemostatic agent would possess several characteristics. This agent should have a simple,
independent mechanism of action, a long shelf-life, easy storage requirements, and should be
immediately active. It should have no allergic, anaphylactic, infectious, or toxic potential. It should
elicit minimal inflammatory reactions since they can cause granuloma formation. It should effectively
treat even severe bleeding and be effective in patients on anti-platelet and anti-coagulant medications.
This has been difficult to achieve. Fibrin sealant may be a better topical hemostatic agent in patients
undergoing reoperative cardiac surgery184 and may reduce allogeneic blood transfusions in cardiac

surgical patients.'®

There are several complications associated with the use of topical hemostatic agents of which
anesthesiologist should be aware. Local hemostats may absorb body fluid of several times their weight
and expand postoperatively. In April 2004, the FDA issued a public health notification of the possible
development of paralysis after the use of absorbable hemostatic agents. In all cases the agent was left
on or near a “bony neural space,” which resulted in compression of the spinal cord or other neural

6

structures.'®  Another important safety concern is misadministration of topical hemostatic agents.

Several deaths have resulted from intravenous administration of topical thrombin.'®’

Many topical hemostatic agents contain protein and allergic reactions can result. The antigenicity
of topical collagen is known to be low, but the incidence of allergic reactions was reported as 3.0%.'™"
To avoid the risk of human viral transmission, all primarily thrombin compounds available in the United
States are bovine derived.'"® These bovine preparations contain bovine prothrombin, thrombin, and a
small amount of factor V. Exposure can result in anti-bovine and anti-human antibodies to

prothrombin, thrombin, and factor V which would decrease the efficacy of the agent at subsequent

dosing and result in life-threatening bleeding as related to antibodies that develop to factor V or
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thrombin after re-exposure.'™ These complications may be attenuated with the use of a new

recombinant form of thrombin.

Several topical hemostatic agents have compounds that produce either exothermic reactions or
otherwise damage tissues. A granular mineral hemostatic agent used in bandages (QuikClot™) has

been shown to induce thermal injury to tissues.'™

BioGlue® is a surgical adhesive composed of
purified bovine serum albumin that cross-links with glutaraldehyde. It targets tissue proteins
independent of the clotting cascade and can damage the tissues upon which it is applied. BioGlue® is

FDA approved for topical hemostasis in aortic dissection.

Overall, topical hemostatic agents augment the control of bleeding in the surgical patient and are an
important and necessary tool in many surgical procedures. The majority of agents have very few

complications.

SPECIAL CONSIDERATIONS
47. How should transfusion in Jehovah’s Witnesses be directed?

The management of Jehovah's Witnesses patients provides special challenges. Members of this
religious faith have deep convictions against accepting transfusion of blood, and blood components.
Many will allow the use of (non-blood-prime) cardiopulmonary bypass, dialysis, or similar equipment if
the extracorporeal circulation is uninterrupted. The decision on the use of minor blood components
and autologous intraoperative cells salvage blood for Jehovah's Witnesses has long been understood to
be left to the individual. The Watchtower Society in 2000 issued a directive stating that the
organization would no longer disfellowship members who did not comply with the policy of refusal of
blood."®  The official W publication, Watchtower, defined the "primary components" of blood as red

1" Members of the Jehovah's Witnesses faith were instructed to

cells, white cells, plasma, and platelets.
continue to refuse transfusion of these "primary components," but individual believers could decide for

themselves whether to accept processed fractions of the "primary components." Examples of processed
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fractions of the "primary components" include but are not limited to: cryoprecipitate, antithrombin I1I

concentrate and albumin.'*?

As a consequence, it is import to discuss with the individual patient what
processed fractions of the "primary components" and what procedures (including the use of
intraoperative cell salvage) are acceptable and document this discussion. Use of other pharmaceutical

agents to prevent bleeding along with isovolemic hemodilution should be considered. If time permits,

optimizing the patient’s hemoglobin with erythropoietin and iron would also be desirable.

48. How should transfusion in patients with sickle cell disease be directed?

Sickle cell disease (SCD) is the most prevalent inherited hemoglobinopathy in the United States.'*
Transfusion of blood is a critical part of the multidisciplinary approach necessary in the management of
patients with SCD, especially for surgical procedures. SCD is a hemoglobin structure disorder where
glutamic acid at the sixth residue of the B chain of hemoglobin is substituted by valine. This results in
the formation of a poorly soluble hemoglobin tetramer (a/B>°). There are a variety of sickle cell
syndromes, such as homozygosity for HbS (the most common) and symptomatic heterozygous states,
including HbSC, HbSp-thalassemia, and HbSOap.  For all of these disorders, the abnormal
hemoglobin molecules associate with each other resulting in the formation of paracrystals within the red
blood cells and thus fundamentally altering the cell membrane structure. The formation of paracrystals
results in the typical crescent or sickle-shaped appearance owing to deformation by hemoglobin
polymers formed while hemoglobin is in the deoxygenated state. SCD causes anemia and
vasculopathy that has multiple clinical manifestations. The vasculopathy of SCD results from the
increased whole blood viscosity with adherence of red blood cells to the endothelial surface. This
results in vaso-occlusion and activation of the coagulation cascade and additional adhesion molecules.
The major sources of morbidity and mortality related to SCD are severe anemia, infections, acute

painful syndromes, acute chest syndrome, and organ failure.

The indications for blood transfusion in SCD have the common goals of increasing oxygen-carrying

capacity lowered by the anemia of SCD and improving end-organ perfusion by decreasing the
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proportion of circulating HbS cells. Preparation for major surgery requiring general anesthesia is a
common indication for transfusion. The most common operations performed in SCD patients are
orthopedic procedures, cholecystectomies, and splenectomies. Serious complications have been
reported in as many as 67% of SCD surgical patients, especially after hip replacement.””®  Major
surgeries requiring general anesthesia may induce postoperative vaso-occlusive complications and
death. In the Cooperative Study of Sickle Cell Disease, 12 deaths occurred among 717 patients who

underwent over 1000 surgical procedures.'”’

Of the 12 patients who died, 11 had been transfused
before surgery, 10 were homozygous for HbS, and all had intra-abdominal surgeries. Use of regional
anesthesia was associated with more complications than general anesthesia. A prospective randomized
trial comparing aggressive transfusion regimen designed to decrease the hemoglobin S level to less than
30 percent versus conservative regimen designed to increase the hemoglobin level to 10 gm / dL prior to
cholecystectomy in SCD patients showed no difference is the incidence of SCD complications.”® An
even larger study of 604 operations in which two groups of SCD patients were prospectively assigned to
the aggressive or conservative blood transfusion regimen demonstrated no statistically significant
difference in the number of serious complications occurring in the two groups (31% in the aggressive
group and 35% in the conservative group).'”” Despite the above data and the risk of alloimmunity
secondary to multiple exposure to transfusions, published guidelines for the perioperative prophylactic

8
However, red cell

transfusion of red blood cells need to be reviewed and placed in this context.."”
exchange transfusion to reduce Hgb S levels to 30% should be considered in patients at high risk for
vasocclusive complications who are undergoing high risk procedures. Availability of compatible blood

for these patients is essential and may be problematic since many of these patients have developed

alloantibodies related to their extensive transfusion history.

49. How should coagulation testing be used to guide transfusion therapy?
There is growing concern that the blood collection industry may not be able to meet the needs of
patients that need blood. Delays in elective surgical procedures at many institutions have occurred

199

throughout the United States due to shortages of blood products. Multiple consensus conferences
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and specialty society task forces on blood transfusion therapy have advocated the use of coagulation
tests to guide non-red blood cell and red blood cell transfusions,* yet according to a recent survey of

anesthesiologists this still may not be commonly done.*”’

This survey demonstrated that a major reason
that these tests are not done is the time it takes for the test results to become available, the tests are not
available at their institution and the long time required for blood components preparation. Point of care

testing of coagulation allows rapid test results to be available for clinical decision making. ( For

discussion of many of these tests see sections 23, 33, 34, 38,39).

A large percentage of allogeneic blood is transfused in the operating room, especially to cardiac
surgery and liver transplant patients™”'*°* with 20% of blood transfusions thought to be inappropriate.*”*
In the “ASA Practice guidelines for perioperative blood transfusion and adjuvant therapies,”” the task
force recommended that “A visual assessment of the surgical field should be jointly conducted by the

anesthesiologist and surgeon to determine whether excessive microvascular bleeding (i.e.,

coagulopathy) is occurring.” The Society of Thoracic Surgeons Blood Conservation Guideline Task

Force has recommended that transfusion of hemostatic allogeneic blood products after cardiac surgery

should be based upon the existence of microvascular bleeding and laboratory parameters that are

1

measured as part of a transfusion algorithm.'?!  Clinical and physiologic parameters such as those listed
p g phy giep

in section 16 should also be used for transfusion decisions. Six prospective randomized trials
compared the use of transfusion algorithms to clinical judgment for administration of non-red blood cell

. . 51,111,122-125
components in cardiac surgery.” "

Each study used different algorithms with different
coagulation tests but five of the six studies demonstrated reduction of allogeneic blood exposure with
the use of a transfusion algorithm. Two of the studies demonstrated a reduction of blood loss in the

. . . .. . 111.122
intensive care unit in addition to reduced allogeneic blood exposure.”
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GLOSSARY OF ABBREVIATIONS

2,3-DPG
ACT
ADH
AHG
AIDS
ALT
ANH
anti-HBc

anti-HCV

2,3-dishospyhoglycerate

activated clotting time

antidiuretic hormone

antihuman globulin

acquired immune deficiency syndrome
alanine aminotransferase

acute normovolemic hemodilution
antibody to hepatitis B core antigen

antibody to hepatitis C virus

anti-HTLV-I/Il  antibody to human T-cell lymphotropic virus type I/II

aPPT
ARDS
ATIIL
CABG
CHF
CMV
CPB
CPD
CPDA-1
C/T
DDAVP
DIC
EACA
FDA
FFP

activated partial thromboplastin time

adult respiratory distress syndrome
antithrombin IIT

coronary artery bypass graft

congestive hearth failure

cytomegalovirus

cardiopulmonary bypass

citrate, phosphate, dextrose (solution)

citrate, phosphate, dextrose-adenine (solution)
crossmatch-to-transfusion (ratio)
1-desamino-8-d-arginine vasopressin (desmopressin)
disseminated intravascular coagulopathy
epsilon-aminocaproic acid

Food and Drug Administration

fresh frozen plasma
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FNHTR
HAM
HBOC
HBsAg
HBV
HCV
HES
HIV
HLA
HTLV-I/II
HTR
IgA
PFC
PMN
PPF
PRP

PT

PTP
PTT
Q-T
rFVIla
SCD
STS
T&S
TA-GVHD
TEG

TP

febrile nonhemolytic transfusion reaction
HTLV-I-associated myelopathy
hemoglobin-based oxygen carrier
hepatitis B surface antigen

hepatitis B virus

hepatitis C virus

hydroxyethyl starch

human immunodeficiency virus

human leukocyte antigen

human T-cell lymphotropic virus type I/I11
hemolytic transfusion reaction
immunoglobulin A

perflurochemical(s)

polymorphonuclear lymphocytes
purified protein fraction

platelet-rich plasma

prothrombin time

posttransfusion purpura

partial thromboplastin time

from QRS complex to end of T wave (interval)

recombinant human factor VIla
sickle cell disease
serological test for syphilis

type and screen

transfusion-associated graft-versus-host disease

Thromboelastograph®

thawed plasma
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TRALI
TSP
TXA
vWd
vW{

transfusion-related acute lung injury
tropical spastic paraparesis
transexamic acid

von Willebrand’s disease

von Willebrand’s factor
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