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Review Article

Patient blood management—it is about transfusing blood 
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Abstract: Until the last decade it was very difficult to extract a large amount of transfusion data from 
medical records, as most were on paper. This made the process arduous and feasible for only auditing a 
random sample of transfusions for compliance with guidelines. With the initiation of electronic medical 
records (EMRs) at most institutions, large amounts of transfusion data are available, yet extraction remains 
a challenge. Once patient blood management (PBM) informatics are in place, it is important to use the 
data to educate clinicians about transfusion guidelines and clinical evidence from randomized controlled 
trials (RCTs) supporting restrictive transfusion. A robust program for PBM education program can create 
buy-in for adherence to the guidelines. Effective blood utilization review programs may be associated with 
lower transfusion risks, reduced costs, and improved quality outcomes. The first step in implementing a 
blood utilization review program is to establish a set of institution-specific, evidence-based transfusion 
practice guidelines for each blood component, including component modifications such as irradiation 
where appropriate. Once local transfusion practice guidelines have been established and communicated 
to the medical staff, the blood utilization review program should establish audit criteria for monitoring of 
transfusion ordering practices. Audit data should be analyzed and reported regularly. Current technology 
allows for modification of blood components including leukocyte-reduction, cytomegalovirus (CMV)-reduced 
risk cellular components, irradiated blood components, washed blood components, volume reduction, 
and frozen-thawed-and deglycerolized products. All blood products must be part of PBM to ensure they 
are ordered for the appropriate indications. In those patients’ refractory to platelet transfusions, human 
leukocyte antigen (HLA) matched or crossmatched platelets can be provided. Adherence to transfusion 
guidelines should be an institutional priority at every medical center. Widespread compliance with guidelines 
will result in increased quality as well as cost savings for patients, payers, and medical centers, as well as 
preservation of the blood supply for patients who truly need transfusions.
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Introduction

One of the earliest descriptions of patient blood management 
(PBM) is found in the medical bylaws of Providence Hospital 
in 1953. The medical staff adopted the following “indications 
for blood transfusion”: (I) to replace needed whole blood 
volume; (II) for oxygen transport: (i) with an anemic patient, 
otherwise well must have ≤7 g/dL hemoglobin (Hb), (ii) with 
an anemic patient with complications affecting oxygenation 
or is to undergo anesthesia may be transfused if the Hb is 
<10 g/dL; (III) for exchange transfusion; and (IV) if fresh 
whole blood is indicated in rare cases of dyscrasias where 
a labile element is important. The authors then stated that 
between 1953 and 1960, the application of these indications 
had resulted in a decreasing “use factor” (units transfused 
annually divided by number of patients) from 0.237 to 
0.110, or by more than 50%. The stated benefits were the 
following: limiting transfusions to patients with valid medical 
indications, protecting patients from hazards of unnecessary 
transfusions, and easing the burden of donor recruitment 
and blood collection (1). This was very forward thinking 
in an era when the only relevant transfusion transmitted 
infection (RTTI) testing performed on blood donations was 
for syphilis.

In 1980—27 years later—the term “transfusion 
trigger” (2) was coined in an effort to examine the 
physician’s decision to transfuse blood. Early efforts to 
curb unnecessary transfusion practices were spurred by 
the recognition of adverse events related to the newly 
identified RTTIs associated with allogeneic blood. In the 
1980s and 1990s, providers were taught the old adage, “if 
you are going to give one, you might as well give two”, 
stemming from a desire to avoid infectious risks of human 
immunodeficiency virus and hepatitis during the 1980s, 
when it was largely believed that single-unit transfusions 
were unnecessary. This policy was intended to decrease 
unneeded transfusions, but likely resulted in increased blood 
utilization. Rather than eliminating superfluous transfusions 
(which could be avoided by using restrictive transfusion 
thresholds), it encouraged over-transfusion in patients who 
would have benefited sufficiently from a single unit (3).

More recently, concerns about blood components have 
included transfusion-related immunomodulation risks and 
the red blood cell (RBC) storage lesion [current studies have 
not addressed RBC older than standard issue—days 35–42]. 
The more fundamental question regarding the efficacy of 
RBC and plasma transfusions remains (4).

Starting a PBM program can be a daunting task that 

requires support from hospital administration, information 
technology (IT) teams, medical and nursing staff, and the 
transfusion service. A structured and organized approach is 
necessary to include and coordinate necessary components 
in an effective manner. Most programs start with a charter 
that describes key stakeholders, primary goals, and metrics 
to evaluate success. One article listed nine key steps for 
implementing a PBM program (Table 1) (5). One of the first 
steps is to assemble a multidisciplinary team of clinicians and 
stakeholders. While most PBM and transfusion committees 
include the traditional blood users as well as laboratory and 
transfusion service personnel, it is also critical to include 
a representative from IT. As IT is often inundated by 
requests from physicians for reports, this will assist with an 
understanding that PBM is an important, evidence-based 
field where their efforts will be used in a meaningful way to 
change and improve medical practice within the hospital. 
IT’s early involvement in a PBM program is extremely 
important for its eventual success. Until the last decade it 
was very difficult to extract a large amount of transfusion 
data as from medical records, as most were on paper. This 
made the process arduous and feasible for only auditing a 
random sample of transfusion guideline for compliance. 
With the initiation of electronic medical records (EMRs) 
at most institutions, large amounts of transfusion data are 
available, yet extraction remains a challenge (6).

While some EMR systems provide their own reporting 
tools on blood utilization, a hospital may have multiple 
computer systems and databases (e.g., inpatient, outpatient, 
laboratory, blood bank, etc.) making the reporting tool 
for one EMR incomplete. It should be noted that not all 
EMRs are equal. Some software systems may be tailored 
to PBM at the time of purchase while other systems will 
require the hospital IT team to map data and develop 
specific reports from scratch. Often when hospitals are 
focused on getting a new EMR implemented for the entire 
hospital, they do not always anticipate the need to capture 
PBM data and therefore do not include the ability to do so 
during implementation. This creates a headwind for the 
implementation of a PBM program and often results in an 
overworked IT team developing a patchwork of reports that 
may not properly support the needs of a particular PBM 
program (7).

Once PBM informatics are in place, it is important to use 
the data to educate clinicians about transfusion guidelines 
and clinical evidence from randomized controlled trials 
(RCTs) supporting restrictive transfusion. A robust 
program for PBM education program can create buy-in for 
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adherence to the guidelines (5,6). Peer-to-peer comparison 
of rates of compliance with the most current guidelines is 
an effective method for encouraging quality improvement 
and reducing inappropriate transfusions after clinicians have 
been educated (7).

Once clinicians are educated, it is important to monitor 
adherence to hospital transfusion guidelines through 
compliance audits with feedback (reports) to clinicians. 
Each clinical service should select a champion or leader 
who will receive and review a monthly report of inpatient 
transfusion orders. The champion or leader is responsible 
for providing feedback to colleagues. In addition, the report 
should be provided to hospital leadership, who will also 
have the opportunity to discuss the results with the service 
champions and to observe rates and trends of compliance 
with transfusion guidelines (5,6). Finally, other methods for 
improving appropriate blood utilization such as monitoring 
compliance with other PBM best practices, such as the “why 
give 2 when 1 will do” Choosing Wisely campaign for single 
unit RBC transfusions have been found to be beneficial (6).

Other important initiatives for PBM programs include: 
preoperative anemia management for elective surgery 
[e.g., oral or intravenous (IV) iron, or erythropoietin], 
antifibrinolytics to reduce blood loss [e.g., aminocaproic 
acid or tranexamic acid (TXA)], intraoperative autologous 
transfusion (cell salvage), anesthetic management (e.g., 
autologous normovolemic hemodilution, controlled 
hypotension, and normothermia), surgical methods (e.g., 
newer cautery methods, topical hemostatics, and sealants), the 
reduction of phlebotomy blood loss (e.g., use of microtainers 
and reduction of unnecessary laboratory tests), and point-of-
care testing (e.g., viscoelastic hemostatic assays) (5).

In addition to the patient-related risks, PBM programs 
must consider the nation’s blood supply. The availability 
of safe blood is a key component of current medical  
practice (8). Although utilization is decreasing, more than 
16% of Medicare claims include blood use (9). A robust, 
readily accessible blood supply is essential to support the 
United States (US) healthcare system and provide assurance 
that enough blood is available to meet daily patient  

Table 1 Steps for implementing a PBM program (5)

Obtain support from health system leadership with a business plan

Assemble multidisciplinary team of clinicians and stakeholders

Education (with emphasis on the randomized clinical trials supporting restrictive transfusion)

Harmonize transfusion guidelines for hospital or health system

Clinical decision support for computerized clinician order entry (with best practice advisories)

Data acquisition and analytics

Create guideline compliance dashboards

Transfusion guideline compliance audits with feedback (reports) to clinicians

Methods for improving blood use

 Evidence-based transfusion thresholds

 “Why give 2 when 1 will do” Choosing Wisely campaign for RBC transfusions

 Preoperative anemia management for elective surgery (e.g., oral or IV iron, or erythropoietin)

 Antifibrinolytics to reduce blood loss (e.g., aminocaproic acid or TXA)

 Intraoperative autologous transfusion (cell salvage)

 Anesthetic management (e.g., autologous normovolemic hemodilution, controlled hypotension, and normothermia)

 Surgical methods (e.g., newer cautery methods, topical hemostatics, and sealants)

 Reduce phlebotomy blood loss (e.g., use microtainers and reduce unnecessary laboratory tests)

 Point of care testing (e.g., thromboelastography)

PBM, patient blood management; RBC, red blood cell; IV, intravenous; TXA, tranexamic acid.
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needs (10). Currently, the US blood supply is almost 
entirely dependent on volunteer donors and a loose network 
of approximately 50 federally regulated non-profit blood 
centers, in addition to numerous hospital-based collection 
centers (10). In addition, the US Department of Defense 
(DoD) manages the Armed Services Blood Program that 
meets the needs of the military. This system has proved 
extraordinarily robust for more than 50 years (8). This loose 
network of blood centers has served the US well in the past, 
ensuring the safety and availability of blood needed every 
day for more than 4,000 hospitals. However, the continued 
availability of a robust blood supply faces significant 
threats and challenges in the current environment (10). A 
decade of decreased blood utilization and changes in health 
care delivery (e.g., new effective treatments for anemia, 
more endoscopic surgery, etc.) have ironically altered 
market conditions sufficiently to place the sustainability 
of the current system at risk and therefore making PBM 
increasingly more important and relevant (8).

Progress in appropriate blood utilization is being made. 
The percentage of US hospitalizations requiring RBC 
transfusions decreased from 6.8% in 2011 to 5.7% in 
2014 (adjusted relative risk of 0.83). The percentage of US 
hospitalizations requiring plasma transfusions decreased 
from 1.0% in 2011 to 0.87% in 2014 (adjusted relative risk 
of 0.87) (8). The authors believed the decreases in RBC and 
plasma utilization from 2011 to 2014 may reflect evidence 
demonstrating the efficacy of restrictive practice for RBC 
transfusions, PBM programs, conservation initiatives 
(e.g., cell salvage, pharmacotherapy, improved surgical 
techniques), advocacy from medical organizations, and the 
publication of transfusion guidelines (11).

In conclusion, although transfusions can be a lifesaving 
therapy in patients who are hemorrhaging or severely 
anemic, unnecessary transfusions expose patients to 
increased risk and cost. Given that most of the evidence 
supporting a restrictive transfusion strategy has been 
published in the past decade, PBM programs have only 
recently gained popularity (5). A survey by the Association 
for the Advancement of Blood and Biotherapies (AABB) 
of practices in 2013 reported that only 38% of hospitals 
had a formal PBM program, highlighting the potential for 
growing PBM nationally to promote patient safety, improve 
quality of health care, and reduce unnecessary expenditure 
(5,12). Adherence to transfusion guidelines should be an 
institutional priority at every medical center. Widespread 
compliance with guidelines will result in increased quality as 
well as cost savings for patients, payers, and medical centers, 

as well as preservation of the blood supply for patients who 
truly need transfusions (5).

Transfusion review process—transfusion options

Deciding whether or not to transfuse allogeneic blood

One of the primary objectives of PBM is to minimize 
unnecessary blood transfusions, especially before planned 
surgeries. It can be achieved by adhering to appropriate 
transfusion thresholds and exploring relatively safer 
alternatives, before proceeding with allogeneic blood 
transfusion. Even though transfusion practices and 
quality standards have significantly improved with time, 
the risk of associated adverse events is always present. 
The implementation of an EMR system and educational 
feedback to the physician, were pivotal in decreasing 
inappropriate RBC transfusions in the US (13). There are 
automated programs available, called Clinical Decision 
Support Software (CDSS), which can be integrated into 
the physician order entry system and provide suggestions 
whenever an inappropriate blood order is detected. 
Implementing programs like CDSS has been shown to 
improve the transfusion practices in various studies and 
metanalysis (14) and can lay a robust foundation for 
establishing PBM at an institutional level.

Detection and management of pre-operative anemia 
plays an important role in minimizing the requirement for 
allogeneic transfusion. Even a mild degree of preoperative 
anemia has been independently associated with an increased 
risk of morbidity and mortality in patients undergoing major 
surgery (15). The European Society of Anesthesiology 
recommends that Hb levels should be measured 4 to 8 weeks 
before elective surgery, especially in patients who are at an 
increased risk of bleeding (16). Early detection provides 
sufficient time for treatment of anemia before the patient can 
be taken for elective surgery. A multi-disciplinary approach 
towards identifying such patients and timely management 
plays a crucial role in achieving this aim.

The 2018 PBM International Consensus Conference 
(ICC) (17) recommendations include iron supplementation 
in adult pre-operative patients with iron-deficiency anemia, 
as it is effective in improving Hb levels and reduces 
intraoperative RBC transfusion. Oral iron supplementation is 
the preferred mode of administration and IV administration 
may be required if the compliance is poor, absorption 
through oral route is impaired or time is limited (18). A 
Cochrane review published in 2019, compared six RCTs and 
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concluded that iron supplementation alone did not reduce 
the risk of blood transfusion (19), but the smaller sample size 
included in the RCTs was cited as a major limitation of the 
review.

The use of short acting erythropoietin may be considered 
in certain clinical settings such as major orthopedic surgery 
with preoperative hemoglobin levels less than 13 g/dL but 
long acting erythropoiesis stimulating agents (ESAs) have 
not been recommended for routine use due to potential life-
threatening side effects such as thromboembolic deep vein 
thrombosis (17). In addition to correction of pre-operative 
anemia, other measures to reduce the use of allogeneic 
blood include autologous transfusion. Preoperative 
autologous donation (PAD) may be offered to those patients 
who are in relatively good health, and expected to have 
a significant blood loss (>500 mL) during an upcoming 
planned surgery. As there are regulatory and financial 
implications associated with PAD (at least 50% or more of 
units collected are discarded), it is infrequently used.

Transfusion thresholds

Evidence based RBC transfusion thresholds in different 
pre-defined clinical settings is an integral part of a 
successful PBM program. Most of the available literature is 
based on observational or retrospective data and restricted 
only to specific clinical scenarios. AABB clinical practice 
guidelines published in 2016 (20), ICC Frankfurt [2018] (17) 
recommendations and a National Institute for Care and 
Excellence (21) guidelines are some of the recent important 
papers and all suggest a restrictive transfusion threshold 
of 7 g/dL for hemodynamically stable adult patients, 
including hospitalized critically ill patients. A restrictive 
RBC transfusion threshold of 8 g/dL is recommended for 
patients undergoing orthopedic surgery, cardiac surgery, 
and those with pre-existing cardiovascular disease. These 
threshold levels were found to be safe in most clinical 
settings and encouraged to be continued for future use 
as well. The transfusion thresholds for the pediatric 
population are dependent on different parameters including 
age and oxygen saturation, but a restrictive approach has 
been shown to have a similar survival rate and better safety 
profile in various studies (22).

Perioperative assessment of the surgical patient

Perioperative bleeding and blood transfusion is associated 
with poor survival outcome in various surgical settings. A 

retrospective analysis performed on American College of 
Surgeons National Surgical Quality Improvement Project 
(ACS-NSQIP) database, observed that “patients who were at 
the least risk for operative mortality or serious operative morbidity 
had the greatest odds of suffering an adverse surgical outcome if 
transfusions are given” (23).

Different surgical specialties have developed scoring 
systems that help in making objective and rational decisions 
when required. The Association of Cardiothoracic 
Anesthetists (ACTA) perioperative risk of blood transfusion 
score (ACTA-PORT score), is one such scoring system (24). 
A scoring system based approach towards blood transfusion 
helps in promoting rational use of blood products and 
should be encouraged in future as well.

Intraoperative techniques to reduce allogeneic transfusion

Intraoperative techniques to minimize blood loss may be 
broadly categorized into surgical methods, pharmacological 
intervention, cell salvage strategies, and acute normovolemic 
hemodilution (ANH). Minimally invasive surgical methods 
(laparoscopic and robotic surgeries) usually have lesser 
blood loss compared to open or more invasive approaches. 
Local bleeding may be controlled with the use of topical 
hemostatic agents including fibrin/thrombin gel.

Cell salvage comprises of collection, processing and re-
administration of the autologous bloodshed during surgery. 
It can be performed during the intraoperative period or 
even in the postoperative period if needed. The Association 
of Anesthetists recommends using cell salvage when it can 
reduce the possibility of allogeneic red cell transfusion (25). 
Special precautions and case to case consideration must be 
exercised in surgeries involving infected wounds and cancer 
patients.

TXA has proven to be highly effective in controlling 
bleeding and minimizing transfusion requirement in 
different clinical settings, while use of other agents such as 
aprotinin and epsilon aminocaproic acid (EACA) are other 
options although used less frequently (26). Many RCTs and 
prospective studies have repeatedly concluded that TXA 
safely reduces the risk of death in bleeding patients and 
minimizes allogeneic blood transfusions.

In ANH, blood is collected by phlebotomy from 
the patient, at the start of surgery and the amount of 
blood removed is compensated with IV fluid (colloid or 
crystalloid) in order to maintain the isovolemic state. As 
the surgery nears completion, the phlebotomized blood 
is transfused back to the patient. ANH has been found 
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effective in reducing allogeneic blood transfusion but can be 
used only in those scenarios where removal of blood before 
surgery is safe and feasible.

Postoperative strategies to minimize allogeneic transfusion

The blood collected through drains after surgery may 
be utilized for re-infusion once it has been processed. 
Postoperative blood salvage has been utilized in a wide 
variety of surgical procedures, but it is predominantly used 
after cardiac and orthopedic surgeries. The unwashed cell 
salvage may be associated with more risk factors which 
can be mitigated by using washed cell salvage and use of 
filters. Washed cell salvage has been recommended in 
patients who bleed more than 100 mL/h within the first  
6 hours after cardiac surgery, and whenever re-sternotomy 
is required for hemorrhage (25). Other broad measures like 
minimizing iatrogenic blood loss during sample collection, 
point of care monitoring, prompt management of 
coagulopathy and maintaining adequate oxygen saturation 
levels help in avoiding unnecessary post-operative blood 
transfusion as well.

Massive transfusion and blood utilization

The current Massive Blood Transfusion (MTP) guidelines 
advocate transfusion of plasma, platelets, and RBCs in a 
ratio of 1:1:1, as per recommendations of the Pragmatic 
Randomized Optimal Platelet and Plasma Ratios (PROPPR) 
trial (27). The recommendations from this trial have 
added to the findings of a previous study; the Prospective, 
Observational, Multicenter, Major Trauma Transfusion 
(PROMMTT), which concluded that higher plasma and 
platelet ratios early in resuscitation were associated with 
decreased mortality (28). As MTP is often initiated in an 
emergency, when to end the MTP depends mostly on 
clinical judgment and the termination point may not be well 
defined. There is always a risk of over-transfusion. Even 
in trauma centers with established MTP protocols, the 
incidence of over-transfusion may be as high as 27% (29). 
It will be prudent to consider the principles of PBM while 
implementing an Institutional MTP.

Blood utilization

Blood transfusion is a common hospital procedure, with 
nearly 10.9 million RBC units transfused in the US in 
2019 (30). Although blood transfusion plays a critical role 

in patient care, overuse or inappropriate use of blood 
products may be associated with adverse patient outcomes 
and increased costs. Additionally, limiting unnecessary 
transfusions is an important way to be an effective steward 
of the blood supply and ensure that blood products will 
always be available for the patients that need them most.

Development and implementation of blood utilization 
guidelines and corresponding review processes is an 
effective way to identify potential areas for improvement 
in transfusion practice and patient safety within the 
organization.

The transfusion review process

Blood utilization review programs provide peer review of 
organizational transfusion or blood utilization practices 
and are an important component of a PBM program. The 
purpose of a utilization review program is to perform peer-
review and evaluate adherence to institutional transfusion 
guidelines as well as to provide feedback that can be used for 
continuous quality improvement. In addition to reviewing 
transfusion ordering and administration practices, programs 
may also evaluate product expiration and wastage, patient 
safety and adverse events, and potential areas for cost 
reduction. Effective blood utilization review programs may 
be associated with lower transfusion risks, reduced costs, 
and improved quality outcomes (31).

Blood utilization review may be performed by the 
Transfusion Committee, the PBM Committee, or by an 
institutional quality or laboratory utilization committee. 
The committee that performs the review should include 
representation from the major departments that transfuse 
blood, which may include medicine, surgery, emergency 
medicine, pediatrics, and anesthesiology. Additionally, the 
transfusion service medical director, transfusion safety 
officer (TSO), the blood bank supervisor or a blood bank 
medical technologist, and representatives from hospital 
administration, nursing, quality assurance, IT, and the 
institution’s blood supplier may also be included in the 
committee (32). The committee should meet at least 
quarterly and reports from the committee should be made 
available to the medical staff (33).

Development of facility-specific transfusion practice 
guidelines

The first step in implementing a blood utilization review 
program is to establish a set of institution-specific, 
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evidence-based transfusion practice guidelines for each 
blood component, including component modifications such 
as irradiation where appropriate. Additionally, separate 
guidelines may be developed for specific patient populations 
such as neonates and pediatrics, patients requiring massive 
transfusion, cardiothoracic surgery patients, or patients with 
sickle cell disease (33). The guidelines should be reviewed 
regularly and updated as new evidence becomes available. 
Evidence may include literature, recommendations from 
consensus conferences, practice statements from specialty 
societies, or evidence of standard practices at comparable 
institutions. While the guidelines provide an outline of best 
transfusion practice, they should also remain flexible to 
allow for certain patient circumstances which may warrant 
transfusion outside of the guidelines. The transfusion 
practice guidelines should be approved by the committee 
and shared with the medical staff.

Monitoring of physician ordering and transfusion 
effectiveness

Once local transfusion practice guidelines have been 
established and communicated to the medical staff, the 
blood utilization review program should establish audit 
criteria for monitoring of transfusion ordering practices. 
Audits should seek to identify outliers and repeated patterns 
of use that may require more careful investigation. In 
some circumstances, such as when the total number of 
events is small or when reports can be automated, it may 
be appropriate to review all transfusions while in other 
cases it may be appropriate to review only a representative 
sample of transfusions. In addition to overuse, audits should 
also be designed to evaluate for potential situations of 
undertransfusion.

Evaluation of processes involved in the preparation, 
dispensing, and administration of blood components

In addition to monitoring of transfusion ordering practices, 
the committee should also review and establish procedures 
related to the adequacy of the blood supply, pretransfusion 
testing, and administration of blood components (31). 
Audits should focus on patient safety, including areas that 
are known potential sources of error or areas in need of 
improvement. This may include:
	 Blood product availability: including processes for 

managing during times of inventory constraint;

	 Turn-around times: from sample collection 
to blood administration, including emergency 
transfusion situations;

	 Specimen collection and labelling procedures: 
to ensure accuracy and reduce the risk of ABO 
incompatible transfusions due to wrong blood in 
tube (WBIT) errors;

	 Informed patient consent: includes patient 
identification prior to administering a transfusion;

	 Transfusion outcomes: including transfusion 
reactions and other adverse patient events;

	 Appropriate use and maintenance of equipment: 
including blood warmers, cell salvage devices, and 
satellite blood refrigerators.

Data collection and quality improvement

Audit data should be analyzed and reported regularly. 
Sources of data may include patient medical records, 
laboratory information systems, or reports supplied from 
blood suppliers. Automation of data collection allows for 
evaluation of a larger amount of data and more complete 
analysis with less effort and cost than manual chart reviews. 
Peer review of the data is used to determine if deviations 
from organizational transfusion guidelines are clinically 
justified and may assist with identification of patterns of 
overutilization or underutilization that may necessitate 
intervention. If certain deviations are routinely justified, the 
committee may consider whether the guidelines should be 
modified to align with the acceptable institutional practice 
more closely.

When a potential area for improvement is identified, the 
committee should use the principles of continuous quality 
improvement to identify an appropriate intervention and 
evaluate the success of that intervention. If a physician 
or specific department is regularly ordering transfusions 
outside of approved guidelines, the committee may decide 
to meet with the individual or department representatives 
to provide education on the guidelines and why they are 
important. If turn-around times for blood delivery are too 
long and resulting in patient care delays or safety events, the 
committee may decide to map the process and identify steps 
that may be causing delay so that appropriate interventions 
can be implemented. After an intervention is implemented, 
the committee should continue to monitor performance 
metrics for a defined period to determine if the intervention 
was successful and, if so, that the progress is maintained.
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Auditing blood utilization

Benchmarking, data analytics, metrics, utilization, medical 
economics, algorithms, measuring, converting raw data, big 
data, processed data, informatics—how can all these pieces 
of information be utilized in PBM to an end point that will 
change practice, promote patient safety and quality along 
with improving patient-focused healthcare? PBM includes 
several concepts that can and should be analyzed to make 
the right transfusion decisions for patients with the idea that 
avoidance, conservation and treatment of the underlying 
condition (i.e., anemia) should be the optimal way to 
individualize treatment (6).

Benchmarking is a continuous process by which an 
organization can measure and compare blood usage from 
the beginning of starting a focused PBM program. There 
are various kinds of benchmarking, including internal, 
competitive and functional. The function in PBM is 
transfusion of blood product or not transfusing, and the 
types of measurements will include productivity, quality, 
outcomes and costs related to the administration of blood 
products. Part of the startup activities of a PBM program, 
should be to acquire the utilization of blood products by 
service line and then by surgeon or physician. Since the 
development of EMRs in the last decade, extraction of data 
has become less daunting if IT departments are engaged 
early, with a well-thought out plan (6).

Conducting reviews of the data collection is the next 
step. Types of reviews include prospective, concurrent, 
retrospective,  peer reviews,  and a new concept—
dashboards. Prospective reviews include the initial review 
to be conducted prior to the start of a treatment. One type 
of prospective review is the development of a Maximum 
Surgical Blood Order Set (MSBOS), which is a data driven 
protocol for determining which surgical patients need 
preoperative orders for blood. Many institutions use a 
MSBOS that may be based on consensus opinions rather 
than based on data for specific surgical procedures. An 
algorithm based on electronic data would include three 
variables—percentage of patients transfused, median 
estimated blood loss and average number of units transfused 
per patient—as Johns Hopkins describes for creating an 
institution-specific MSBOS (34). A dashboard which shows 
blood product inventory by product and type could also 
be considered a prospective review for pre-surgical blood 
usage. This method of review takes much coordination 
and communication between the transfusion service and 
the operating rooms that are performing high blood use 

surgery, but it can be used as a tool to prepare teams to 
be informed and utilize different strategies depending on 
the availability of blood products. The transfusion service 
can utilize this type of dashboard to maintain adequate 
blood product supply, modify orders to prevent shortages 
and excesses of inventory and transfer products between 
facilities in a system, either to prevent wastage of short-
dated products or prevent cancelation of surgeries (35).

Concurrent review of transfusion services is conducted in 
“real time” during a patient’s course of treatment. This type 
of review could include the implementation of transfusion 
guidelines, especially in the EMR. Enthusiasm exists for 
practice guideline development and implementation, 
and some have even recommended that guidelines be 
used to certify and license physicians, but in PBM the 
implementation and review of adherence to the guidelines 
is important in measuring compliance (36). Simple 
interventions, which can include education, reminders, best 
practice alerts (BPAs) built into the EMR for each product, 
have been effective in changing physicians transfusion 
practices and reducing blood utilization (37). When a BPA 
appears for any blood product with the guideline stated 
and the clinical evidence (Figure 1) it is will change how 
a physician orders blood for a patient at the bedside (38). 
Electronic health record (EHR) blood ordering BPA can 
be used to challenge requests for blood products that do 
not meet the current guideline or “transfusion trigger” and 
give the provider the opportunity to review or rethink the 
order for the product. This type of alert to the provider 
has been shown to reduce inappropriate blood use as well 
as recording the decision to override the recommendation 
provided by the alert, which can initiate retrospective 
reviews of “overrides” (37).

Retrospective reviews, simply put, are conducted after the 
service to the patient has been rendered. Although being the 
easiest approach, this type of review has the disadvantage 
of losing the opportunity for effective intervention with the 
ordering physician. Retrospective review can be effective 
though, in analyzing trends in specific service lines to change 
practice. Hospitals that subscribe and submit statistics to a 
database can generate retrospective reports that can show the 
individualized blood product usage over time. When certain 
blood product use is increasing, then discussions can take 
place about treating anemia pre-operatively or addressing 
use of Direct Oral Anticoagulants (DOAC) prescribing pre-
operatively. This type of analysis and implementation is 
patient-focused PBM.

Key performance indicators (KPIs) for blood transfusions 
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Figure 1 The BPA appears for any blood product with the guideline stated and the clinical evidence. It has been shown to change how a 
physician orders blood for a patient at the bedside. BPA, best practice alert.

that should be considered by the hospital transfusion 
committees include:
	 % of patients transfused for the top 5–10 surgical 

procedures;
	 % of patients transfused above the Hb threshold or 

hospital guideline;
	 % of patients transfused to a Hb of 10 g/dL;
	 % of double-unit transfusions (39).
This type of retrospective review can be used to compare 

one hospital with other similar hospitals using leading 
health care performance improvement organizations. 
Comparison of similar institutions or hospital systems can 
be helpful to clarify understanding of transfusion practices 
and the outcomes of certain surgeries as well as length 
of stay, readmission, infection rates and costs between 
hospitals that may utilize more blood products vs. those 
that use less blood products. PBM, with a focus on quality, 
safety and patient outcomes, should be considered when 
reviewing transfusion practices whether reviewing service-
line outcomes or individual provider outcomes.

With the implementation of enhanced recovery 
after surgery (ERAS) throughout various countries, the 
optimization of patients prior to surgery includes collection 
of and analyzing laboratory values to identify undiagnosed 
diabetes, iron deficiency anemia and also coagulation 
concerns that may impact a patient’s ability to recover well 

from surgery. Preoperative anesthesia testing (PAT) clinics 
should include complete blood count (CBC), A1c, total iron 
binding capacity (TIBC), ferritin, B12, folate, international 
normalized ratio (INR), activated partial thromboplastin 
time (aPTT), and type and screen tests that will inform 
the clinicians overseeing the perioperative anemia clinic 
what conditions may need to be corrected for each patient 
prior to surgery, so that blood component transfusions can 
be avoided. Four of the 10 recommendations at the 2018 
Frankfurt Consensus Conference on PBM include: (I) 
detection and management of preoperative anemia; (II) use 
of iron supplementation to reduce RBC transfusion; (III) 
do not use ESAs routinely in general for adult preoperative 
patients with anemia undergoing elective surgery; and 
(IV) consider short-acting erythropoietins in addition to 
iron supplementation to reduce transfusion rates in adult 
preoperative patients with hemoglobin concentrations  
<13 g/dL undergoing elective major orthopedic surgery (17).  
Correcting iron deficiency anemia, along with addressing 
poss ib le  coagula t ion  concerns  wi th  pa t ient s  on 
anticoagulants or antiplatelet medications should be a 
quality and safety initiative in the PAT clinics. Outcomes of 
optimized patients vs. those who do not get a preoperative 
assessment and intervention can be easily seen in increased 
length of stay, readmission rates, increased morbidity and 
mortality. A hospital’s data analytics department can easily 
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extrapolate this type of data, along with the reduction in 
blood product usage.

Extracting data on blood use in the operating room and 
effectively presenting that in a meaningful and effective 
way, possibly in the Transfusion Committee meetings or 
directly in peer review within surgeon’s own specialties, 
will have the greatest influence on changing practice (32). 
This was demonstrated by comparing mean transfusion 
hemoglobin thresholds and then targets for all surgeons 
and anesthesiologists who had >10 patients in a database. 
It was determined that presenting data in this manner was 
better received than when surgeons are compared by blood 
utilization such as percentage of patients transfused or 
average number of units transfused per patient (Figure 2) (6).

One area that is often overlooked when it comes to 
PBM initiatives, is hospital acquired anemia (HAA) from 
too much sampling. For every 50 mL of blood drawn, the 
Hb drops by 0.5 g/dL and the risk of moderate to severe 
HAA increases by 18%. A simple study in the intensive 
care unit (ICU) setting collecting data on blood sampling 
and including wastage from arterial lines can really be 
an eye opener to intensivists caring for these patients. 
Implementation of a closed blood sampling device or 
changing to smaller volume phlebotomy tubes can be a 
simple solution to causing anemia in already critically ill 
patients (40). Additionally, it is important to have the ability 
to compare a population of patients who refuse blood 
transfusions to those who receive blood products. This type 
of review can be done with the Society for Thoracic Surgery 
(STS) database and in specific cardiovascular procedures, 
such as isolated-coronary artery bypass grafts (CABG) 
(Figure 3). To implement successful PBM programs, 
institutions need to use the latest technology available to 
obtain and review the data required to improve practice and 
provide evidence-based outcomes to encourage best practice 
and reduce unnecessary transfusions.

Transfusion audit criteria

RBCs

RBCs are transfused to increase oxygen-carrying capacity 
in patients with anemia in whom physiologic compensatory 
mechanisms are inadequate to maintain normal tissue 
oxygenation (41). Worldwide there is a substantial 
variability in the transfusion thresholds of RBC. It is often 
the norm to base the decision to transfuse on the Hb levels 
of patients (42) due to limitation in methods to measure 

tissue oxygenation, although certain guidelines advocate the 
consideration of symptoms of anemia and not solely the Hb 
levels (43,44).

As the world moves towards “restrictive” transfusion 
practices which have not shown any evidence of harm to 
the patient when compared to a more liberal transfusion 
thresholds in various clinical trials (45-69), Clinical 
Practice Guidelines from the AABB recommend a Hb 
threshold of 7 g/dL for hospitalized adult patients who are 
hemodynamically stable, including critically ill patients, but 
a hemoglobin transfusion threshold of 8 g/dL for patients 
undergoing orthopedic or cardiac surgery and for those with 
underlying cardiovascular disease (20). It is emphasized that 
other variables such intravascular volume status, shortness 
of breath, exercise tolerance, light-headedness, chest pain 
thought to be cardiac in origin, hypotension, or tachycardia 
unresponsive to fluid challenge, and patient preferences 
should be taken into consideration before decision making 
rather than solely basing the decision to transfuse on Hb 
levels (20).

To audit the compliance for a standardized trigger for 
initiating transfusion and to offset the subjective variations 
in the blood orders based on physicians’ preference, it is 
always beneficial to decide the transfusion threshold of the 
facility and incorporate it in the computerized provider 
order entry (CPOE) with the capacity for CDSS. It is also 
pertinent for the facility to have a MSBOS in place so that 
appropriate usage of surgical transfusions can be ensured. 
Using such criteria for audit, the facility may also consider 
excluding from its review the RBC transfusions occurring 
in patients of thalassemia and sickle cell anemia who are 
transfused as outpatients. Currently there is still a paucity 
of evidence and clinical trials in chronically transfused 
patients, including in those with hematological malignancies 
and bone marrow failure syndromes, despite their high 
volume of blood use. In such patients, it is unclear whether 
current practices such as restrictive transfusion strategies 
are optimal (70).

The single unit transfusions have now been encouraged 
under the AABB’s Choosing Wisely campaign and Johns 
Hopkins Health Systems campaign “why give 2 when 1 
will do?” (71,72). The audit should also capture data of 
undertransfusion as robust and aggressive PBM programs 
may lead to avoidance of transfusion by the provider.

Platelets

Platelet transfusions are indicated either as prophylactic in 
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Figure 2 A comparison of mean transfusion hemoglobin thresholds and then targets for all surgeons and anesthesiologists who had  
>10 patients in a database. It was determined that presenting data in this manner was favorably received by surgeons (6). (Figure Courtesy of 
Steven Frank, MD). CABG, coronary artery bypass grafts; MVR, mitral valve repair and replacement; AVR, aortic valve replacement; CAB, 
coronary artery bypass.
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cases of hypoproliferative thrombocytopenia and before 
an invasive procedure, or therapeutic in cases of active 
bleeding. The threshold for prophylactic transfusion in 
hypoproliferative thrombocytopenia has been established 
to be 10,000/μL (73,74) on the basis of both observational 
studies (75,76) and randomized clinical trials (77-79). The 

recommended threshold for platelet transfusions for major 
invasive procedures is 40,000/μL to 50,000/μL and 20,000/μL  
for less invasive procedures such as central venous catheter 
insertion or removal and marrow aspiration or biopsies (80).

P l a t e l e t  Tr a n s f u s i o n s  a r e  a l s o  i n d i c a t e d  i n 
thrombocytopenic patients with platelet count below 
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Figure 3 A poster presentation from the 2015 Society for the Advancement of Patient Blood Management Annual Meeting demonstrating 
quality improvement with a PBM program for isolated CABG patients. CABG, coronary artery bypass grafts; PBM, patient blood 
management.

50,000/μL or at a higher count in patients with a qualitative 
platelet defect (41), however, the decision to transfuse 
should be guided by clinical judgment rather than platelet 
count alone.

The lower dose of platelets administered during 
prophylaxis has been shown as a safe alternative to standard 
dose of platelets but leads to an increase in the total number 
of transfusions given (81).

Failure to get the expected platelet increment post 
transfusion needs to be thoroughly investigated for the 
immune and non-immune causes using the parameters of 
corrected count increment and platelet count increment. 
HLA matched platelets may be needed in case the 
refractoriness is due to HLA antibodies. For a more 
efficient audit, the audit criteria of a transfusing facility 
may focus on transfusions of platelets done outside the 
accepted and implemented criteria. AABB has made 
recommendations for prophylactic platelet transfusions in 

adults (Figure 4) (38,41,73).

Plasma

Fresh frozen plasma (FFP) and other varieties like plasma 
frozen within 24 hours after phlebotomy (PF24), plasma 
cryoprecipitate reduced, and solvent/detergent-treated 
plasma (SD plasma) are primarily used for treating bleeding 
disorders arising out of single or multiple coagulation 
factor deficiencies, massive transfusion or for reversal of the 
vitamin K antagonists such as warfarin as also mentioned in 
evidence based guidelines issued by AABB. Despite these 
guidelines, there is lack of unequivocal conclusive evidence-
based practice for plasma transfusions and hence there are 
widely divergent practices. The indications and effect of 
plasma can be gauged by the coagulation tests that include 
the prothrombin time (PT)/INR or aPTT in addition to 
clinical judgment. The dosage required for effective reversal 
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of vitamin K antagonists is 15–20 mL/kg (41).
For a more efficient audit, the audit criteria on which a 

transfusing facility may focus on (82,83):
	 Plasma transfusion in the context of massive 

transfusion;
	 INR less than 2.0 in a nonbleeding patient 

scheduled for or undergoing surgery or an invasive 
procedure;

	 Emergency reversal of warfarin anticoagulation in a 
patient with intracranial hemorrhage;

	 Deficiency of specific factors of the coagulation 
system when appropriate factor concentrates are 
available.

The audit criteria may also include evaluation of the 
dose given and assessment whether the abnormality (such 
as elevated INR) was corrected. In addition, the audit may 
note the presence of heparin, hirudin analogs, or other 
drugs that may interfere with the coagulation system and/
or its in-vitro assessment, a situation in which plasma 
transfusion will be ineffective.

Cryoprecipitated antihemophilic factor

The name cryoprecipitated antihemophilic factor, reflects 
the historical use of this product to stop the bleeding in 
patients of hemophilia A. With the advent of individual 
factor concentrates its use has become limited to certain 
acquired fibrinogen deficiencies (84) such as massive blood 

loss from trauma, hemorrhagic obstetric complications, and 
disseminated intravascular coagulation (DIC) (85) and when 
fibrinogen levels are found to be less than 100 mg/dL (86).  
In the setting of clinically significant bleeding after 
liver transplant cryoprecipitate transfusion is advised 
with a target fibrinogen level of 150 to 200 mg/dL (87). 
Cryoprecipitate obtained from one donor contains a 
minimum of 80 international units of factor VIII and  
150 mg of fibrinogen and its transfusion dose of one 
unit per 10 kg body weight raises the plasma fibrinogen 
concentration by nearly 50 mg/dL if there is no associated 
consumption or massive bleeding (88). For a more efficient 
audit, the audit criteria of a transfusing facility may focus 
on transfusions of cryoprecipitate that occur when the 
fibrinogen level is more than 100 mg/dL.

Granulocytes 

Prolonged severe neutropenia with intensive chemotherapy 
for hematologic malignancies or in the setting of 
hematopoietic stem cell therapy (HSCT) (defined as 
an absolute neutrophil count of <500/μL) predisposes 
patients to life-threatening bacterial and fungal infections 
despite aggressive antimicrobial therapy (89). Granulocyte 
transfusions have been hypothesized to be beneficial in such 
cases. Modern granulocyte transfusions aim to achieve the 
dosage of 6–8×1010 neutrophils per transfusion with lower 
limit of 4×1010 (90). Of note, as per AABB Standards for 

Figure 4 AABB has made recommendations for prophylactic platelet transfusions in adults (41). AABB, Association for the Advancement of 
Blood and Biotherapies.

Clinical setting
Platelet transfusion may be
indicated for:

Strength of
recommendation

Quality of
evidence

Therapy-related hypoproliferative
thrombocytopenia

Platelet count ≤10,000/μL Strong Moderate

Central venous catheter placement Platelet count ≤20,000/μL Weak Low

Diagnostic lumbar puncture Platelet count ≤50,000/μL* Weak Very low

Major elective nonneuraxial surgery Platelet count ≤50,000/μL Weak Very low

Cardiac surgery with bypass Perioperative bleeding with
thrombocytopenia and/or
evidence of platelet dysfunction. 
Routine platelet prophylaxis 
not recommended.

Weak Very low

Intracranial hemorrhage on
antiplatelet therapy

Insufficient evidence for
recommendation

Uncertain Very low

*, clinical judgment should be used for patients with platelet counts between 20,000/μL and 50,000/μL.



Annals of Blood, 2022Page 14 of 21

© Annals of Blood. All rights reserved. Ann Blood 2022;7:21 | https://dx.doi.org/10.21037/aob-21-70

Blood Banks and Transfusion Services, a minimal dose of 1×1010 
in at least 75% of units is required (91). The product should 
be ABO matched, Rh D compatible, cytomegalovirus 
(CMV) compatible, and irradiated and HLA matched in 
alloimmunized patients. It should be transfused as soon as 
possible and within 24 hours of collection without the use 
of leucocyte reduction filter (90).

The indications for granulocyte transfusions are not 
defined due to inconclusive evidence. Astute clinical 
judgment should augment the decision-making process 
for the transfusion trigger. The audit criteria should be 
developed in the transfusing facility should encompass 
reported indications, timelines of use, and donor stimulation 
strategies (33).

Criteria for specially modified blood components

Arguably, transfusion of blood and blood components are 
safer now than they have ever been. From advances in blood 
component preparation and storage, to advances in RTTI 
testing, the number of adverse events and fatalities from 
transfusions have declined significantly. Although the risk of 
adverse events and death have declined, the risk is still there 
and certainly not zero.

Infections and disease transmittance caused by pathogens 
in blood and blood components remains an issue in 21st 
century transfusion medicine. These events have been 
mitigated with donor screening questions, more advanced 
RTTI testing, and more recently pathogen reduction 
technology (92). With the frequency of TTD decreasing, 
the frequency of reporting of noninfectious complications 
has increased.

Leukocyte-reduced components

Noninfectious complications such as febrile nonhemolytic 
transfusion reactions, transfusion-associated graft-vs.-host 
disease (TA-GvHD), transfusion related acute lung injury 
(TRALI), HLA alloimmunization, platelet refractoriness, 
can be attributed to residual donor white blood cells. 
In addition to these noninfectious complications, some 
infectious viruses are spread only through leukocytes (93).  
These viruses include CMV and human T-cell lymphotropic 
virus I and II.

The vast majority of modern day transfusion practices 
utilize blood components rather than whole blood. The 
reason behind this is that not every patient needs everything 
in whole blood, such as RBCs, plasma, white blood cells, 

and platelets. Blood can be collected and separated into 
components, or apheresis devices can collect only the 
desired component and return the rest to the donor. Even 
with advances in cellular collection, there remains the 
possibility of contaminants in the collection. For example, 
platelet collections contain platelets and plasma, but also 
can contain a considerable about of white blood cells.

Leukocyte reduction of blood products involve filtering 
the leukocytes pre-storage. Leukocyte reduction filters 
remove leukocytes using two different techniques. In 
the first, the 4 μm filter permits the passing of RBC and 
platelets while trapping white blood cells. The negatively 
charged leukocytes also adhere to the filters through 
electrostatic and van der Waals forces. Due to the adhesion 
of leukocytes, larger pore sizes can be used for a higher 
flow rate through the filter. With the second method, the 
filters can be modified to create a larger positive charge, 
thus increasing the filter efficacy (94). On average, a unit 
of RBC can contain about 2 billion white blood cells. This 
is significantly reduced with leukoreduction. In order to be 
considered leukoreduced, a unit of RBCs must contain no 
more than 5×106 white blood cells (91,94,95).

Recent studies have shown that prestorage leukocyte 
reduction has also decreased the number of microvesicles in 
RBC units. Erythrocyte derived microvesicles are released as 
a normal part of aging, and due to cold storage of blood (96).  
These microvesicles are bioactive molecules that can 
activate the immune system and cause inflammatory effects. 
It has been shown that these microvesicles play a role in 
lung injury post resuscitation (96). Prestorage leukocyte 
reduction of RBC products reduced the number or 
erythrocyte derived microvesicles when compared to RBCs 
that were not leukocyte reduced.

CMV-reduced-risk cellular components

Components that are leukoreduced are considered CMV 
reduced risk or CMV safe components. Lymphotropic 
viruses, such as CMV, can only be spread through white 
blood cells. Significantly reducing the number of leukocytes 
in the product renders it CMV safe.

The literature suggests that leukocyte reduction and 
CMV seronegative blood products have similar but not 
identical efficacy, with an estimated transmission risk by 
seronegative components of 1% to 2% vs. a risk of 2% to 3% 
with leukocyte-reduced components (97-99). The major risk 
of transmission occurs in low-birthweight infants as a result 
of breastfeeding from a CMV-infected mother (99,100).
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Oncology patients and neonatal patients are the main 
populations who require CMV negative products due 
to their compromised immune system. CMV negative 
products are considered safe for both populations and 
adequately mitigate the risk of infection or reinfection with 
a different strain.

Josephson and colleagues published a study in 2014 
addressing CMV transmission in blood components in 
a neonatal population. Their study included very low 
birth weight neonate receiving both CMV seronegative 
and leukoreduced blood products. Neither group was 
associated with transmission of CMV from the blood 
products to the neonate. However, there was a correlation 
between CMV transmission from the mother’s breast milk 
to the neonate (100).

Irradiated blood components

One of the most damaging events a cell can undergo is a 
DNA double strand break. These events lead to apoptosis 
and or mutations within the cell. Irradiation of cellular 
components utilizes double strand breaks to inactivate white 
blood cells in the unit, preventing TA-GvHD. Please note 
that irradiated products are not equivalent to CMV safe.

TA-GvHD occurs when donor lymphocytes engraft 
in host tissues, and then further proliferate and mount an 
immune response against the recipient tissues. In healthy 
individuals, these lymphocytes are usually destroyed by the 
host’s immune system. In immunocompromised patients, 
or patients with similar HLA types as the donor, they 
are unable to destroy the donor white blood cells (101). 
Signs and symptoms of TA-GvHD include erythematous 
maculopapular rash, fever, pancytopenia, and hepatomegaly. 
Unfortunately, this condition usually results in fatality, 
making its prevention a high priority in transfusion 
medicine.

Irradiation of cellular components is done by emitting 
25 Gy or equivalent to the center of the container, with 
a minimum dose of 15 Gy at any point of the container 
(91,102). This dose ensures enough damage has been done 
to the residual leukocytes to where they will not be able to 
replicate or cause further harm. Irradiation can be done to 
any component where a considerable number of white cells 
are present, i.e., RBC units, platelets, liquid plasma, and 
granulocyte apheresis.

One of the complications of irradiating blood is the effect 
it has on the storage lesion. RBCs that undergo irradiated 
have increased permeability of their membrane. Due to this, 

potassium leaks from their membrane and the free potassium 
and hemoglobin in the unit of blood increases (103).  
Following irradiation, the expiration of RBC units is 
changed to 28 days post-irradiation. The original expiration 
date is kept if it is within the 28-day window.

In addition to irradiation, newer pathogen reduction 
technology is capable of inactivating white blood cells, as 
well as pathogens, and mitigating the risk of developing 
TA-GvHD. One such process is the INTERCEPT 
(Cerus Corporation, Concord, CA, USA) system, which 
is approved by the US Food and Drug Administration 
(FDA) for pathogen reduction of platelet components. This 
employs a psoralen, amotosalen, and ultraviolet (UVA) 
light. After treatment with amotosalen and exposure to 
UVA light, nucleic acids in the donor white blood cells 
are crosslinked and unable to replicate. Some studies 
have found an increased rate of alloimmunization with 
INTERCEPT-treated platelets and a need for more platelet 
transfusions owing to decreased in vivo platelet recovery. 
In Europe, a version is being used that utilizes riboflavin in 
place of amotosalen, Mirasol PRT System (Terumo BCT). 
This riboflavin treatment has been expanded to RBC units 
in addition to platelets.

Washed blood components

Washing blood components removes about 90–95% of 
plasma from the unit, as well as any additive solution 
that may be present. It also removes a great deal of 
cellular debris, white blood cells, and free hemoglobin, if 
present (104). Washing of cellular components is mainly 
done for patients who have severe allergic reaction to 
blood transfusions, to mitigate hyperkalemia due to 
free hemoglobin and to mitigate TRALI (104). For 
those who have severe allergic reactions, washing of 
cellular components can remove plasma proteins from 
the supernatant to eliminate the risk of reaction. This is 
recommended for those who have serious allergic reactions 
regardless of whether due to IgA in the unit or non-specific 
plasma proteins (104).

In patients who are at risk for hyperkalemia, washing 
RBC units can remove free hemoglobin from the unit of 
blood. This will prevent the risk of hyperkalemia in the 
patient. This can also be done with units of blood that are at 
or close to their expiration date to prevent potassium from 
affecting the recipient.

Lastly, some hospitals use washing to mitigate HLA 
sensitization in patients awaiting transplants. In addition 
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to leukoreduction, washing RBC units has the potential 
to remove some of the unwanted white blood cells in the 
unit. Washing prior to transfusion can mitigate HLA 
sensitization in transplant recipience, which will then 
reduce the risk of rejection from HLA sensitization.

Interestingly, Wirtz et al. published a study titled 
“Washing or filtering of blood products does not improve outcome 
in a rat model of trauma and multiple transfusion”. The study 
was designed to determine whether or not optimizing 
(i.e., washing and or filtering blood products) blood would 
improve post transfusion outcome in trauma models. It was 
thought that removing white cells, storage lesion products 
(i.e., hemoglobin and extracellular vesicles), and additive 
would improve outcome post transfusion. What they found 
was that the optimized blood product group resulted in 
tissue damage and organ failure similar to the control group 
of non-optimized blood product (105). This challenges the 
efficacy of washing blood products for patients for anything 
other than allergic transfusion reactions. In addition to this 
study, the TOTAL study showed that transfusion of stored 
blood in critically ill pediatric patients improved oxygen 
perfusion by measurement of lactic acid concentration, 
without causing a hyperkalemic effect (106).

Volume-reduced blood components (with or without saline 
replacement)

Volume reduced products are indicated for those who need 
a large amount of product, for instance platelets, but are 
unable to receive a large volume. Patient populations that 
benefit from volume reduction include pediatric patients, 
neonatal patients, and patients at risk for circulatory 
overload such as congestive heart failure patients.

RBCs can be volume reduced to remove the supernatant 
from the container. They can also be split into multiple 
aliquots and transfused separately, over a larger amount of 
time. This has the potential to mitigate the risk if volume 
overload for the patient and allows them to receive their 
product without complications.

Platelets can be volume reduced to remove plasma or 
placed in platelet additive solution (PAS). In a standard 
unit of apheresis platelets, there is 100% plasma or 35% 
plasma and 65% PAS. Reducing the amount of plasma also 
reduces the amount of potentially incompatible plasma 
being transfused into the recipient and may reduce the risk 
of allergic reactions (107). Platelets have a shelf-life of 5 to 
7 days, resulting in a constant challenge with maintaining 
an adequate inventory to meet patients’ needs. Most 

transfusion services try to give type specific platelets, but 
supply constraints require that incompatible platelets are 
often administered. Volume reducing with or without saline 
replacement or use of PAS can lower the adverse effects of 
transfusing incompatible plasma.

Frozen-thawed-deglycerolized RBCs

Currently, the International Society for Blood Transfusion 
(ISBT) recognizes 42 human blood group systems. 
(ISBTWeb.org) (108). Each system can contain multiple 
different antigens composed of amino acid sequences 
or carbohydrate structures. To place this in perspective, 
the ABO blood group is one blood group system, which 
contains multiple antigens and subgroups. Patients, who 
lack certain high frequency antigens, or a combination 
of moderate frequency antigens, present a challenge in 
transfusion medicine regarding available compatible blood.

RBC units can be stored anywhere from 21 to 42 days 
at 1–6 ℃, depending on the anticoagulant and the addition 
of additive solution. Advances in science have led to the 
cryopreservation of RBC units. These units are treated 
with controlled addition and removal of glycerol to protect 
the cells from osmotic lysis and to protect the transfusion 
recipient’s exposure to the chemical cryoprotectant. The 
units preserved with 40% glycerol can be stored for up 
to 10 years at ≤−65 ℃. Upon thawing, the cryopreserved 
units are then deglycerolized and washed in a hypertonic 
12% saline solution, followed by an isotonic 0.9% saline  
solution (109). If done in an open system, these red cell 
units expire 24 hours post thaw. There is a closed system 
that allows the expiration date to be extended to 14 days.

HLA-matched and crossmatched and antigen 
negative platelets

Ideally, a unit of single donor apheresis platelets should 
increase the recipient’s platelet count by 30,000–60,000/μL.  
If platelet transfusion fails to increase the recipient’s 
platelet count sufficiently, platelet refractory mechanisms 
should be investigated. There are generally two reasons 
for refractoriness: immune mediated and non-immune. 
Non-immune causes are mechanical causes, such as sepsis, 
bleeding, and splenomegaly, where platelets are being 
actively destroyed. Immune refractoriness is caused by 
antibodies to either platelet antigens or HLA.

Human platelets express HLA class I antigens and human 
platelet antigens (HPAs). In multiply transfused patients, 
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such as oncology patients, repeated exposure can contribute 
to the development of HLA antibodies (110). This exposure 
can also contribute to developing antibodies to HPAs.

In patients with immune refractoriness, platelet and 
HLA antibody studies can be performed. If an antibody 
is identified, platelets lacking the specific antigen can 
be selected for the recipient. Alternatively, platelet 
crossmatching may be performed and crossmatch-
compatible platelets may be transfused.

Certain platelet antibodies can pose a risk to neonates. 
Fetal and neonatal alloimmune thrombocytopenia (FNAIT), 
occurs when maternal antibodies against platelet antigens 
cross the placenta causing severe thrombocytopenia. 
FNAIT can cause life threatening bleeding, specifically in 
the brain of the fetus and neonate. This most commonly 
occurs with anti-HPA-1a but has occurred rarely with other 
platelet antibodies (111). Platelets negative for the platelet 
antibody should be selected for the neonate until the 
circulating antibody has cleared (111).

Conclusions

Although transfusions can be a lifesaving therapy in patients 
who are hemorrhaging or severely anemic, unnecessary 
transfusions expose patients to increased risk and cost. 
Given that most of the evidence supporting a restrictive 
transfusion strategy has been published in the past decade, 
PBM programs have only recently gained popularity (5).  
Adherence to transfusion guidelines should be an 
institutional priority at every medical center. Widespread 
compliance with guidelines will result in increased safety as 
well as cost savings for patients, payers, and medical centers, 
as well as preservation of the blood supply for patients who 
truly need transfusions (5).
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