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Abstract: Blood donors and voluntary blood donations are essential for ensuring the blood supply that can be maintained by good
patient blood management (PBM) practices. This review article explores the role of blood donation in PBM and highlights the
importance of donor screening and selection processes in different regions worldwide. The donor health questionnaires and the focused
physical examination guidelines have changed in the last decade to increase donor and recipient safety. This article also discusses the
status of transfusion practices, including the challenges of ensuring a safe blood supply. Significant among these are the effects of the
COVID-19 pandemic on the blood supply chain and the impact of an aging donor population, especially. Promoting autologous
donations and other blood conservation strategies are suggested to mitigate these issues. The role of replacement donors and the upper
age limit for voluntary blood donation may be decided based on the demography and donor pool. The involvement of C-suite
executives is also critical in implementing and running a successful PBM program. The review highlights how these different aspects
of blood donation are integral to a successful PBM program and the safety of patients who receive blood transfusions.
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Introduction
Ensuring that the blood supply is adequate to support the healthcare system and ensure blood is available to meet patient
needs is essential.' Ten years of declining blood use and changes in healthcare delivery place the current system’s
sustainability at risk.” Short-lived blood component shortages are common and managed with short-term solutions.® A long-
term shortage requires additional palliation strategies.* Today, the blood donor population is aging (Table 1). Data from the
US National Blood Collection and Utilization Survey between 2017 and 2019 showed a decline in all donor age groups
with the exception of those 65 and older.” New ways to engage younger generations of blood donors must be found.'
PBM has grown and has become the accepted standard of care for patients.® This evidence is supported by the rapid
growth of publications since 2006.® The global definition of PBM is as follows:

Patient blood management is a patient-centered, systematic, evidence-based approach to improve patient outcomes by managing

and preserving a patient’s blood while promoting patient safety and empowerment.®

PBM involves vein-to-vein safety.
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Table | Percent Change in Donors by Age in the US
Between 2017 and 2019

Age % Change 2019-2017
15 31.7
16 -0.3
17 —-11.8
18 —lé6.1
16-18 —-10.1
19-24 —15.1
25-64 -1.0
65 and older 10.5
Total Successful Donations =I.1

Notes: Adapted from Mowla §J, Sapiano MRP, Jones |M, Berger ],
Basavaraju S V. Supplemental findings of the 2019 National Blood
Collection and Utilization Survey. Transfusion. 2021;61(S2):S11-S35.
Published 2021. This article is a US Government work and is in the
public domain in the USA.*

The purpose of this manuscript is three-fold. First, it will review the donation of blood process both in the United
States (US) and globally. Second, it will discuss PBM’s importance for patient safety and ensuring the judicious use of
blood. Finally, the manuscript shows how having an adequate supply of blood donors and blood donations is essential for
ensuring good PBM practice for those patients, even with all of the alternative therapies available, who continue to

require blood transfusions to support their care.’

Materials and Methods

This review article is part of a thematic series that explores the importance of blood donation and the role of PBM in
supporting the blood supply. A panel of experts in PBM and transfusion medicine were invited to contribute to this
article. The initial online meeting occurred in October 2022, when the article’s outline was finalized. Each contributing
author was assigned specific sections to write based on their respective areas of interest and expertise. The compiled
manuscript underwent thorough revisions, edits, and approval by all authors before its final submission.

Selection of Allogeneic Blood Donors

Registration of Blood Donors

Blood donor registration is collecting information from prospective volunteer blood donors. The essential information
required for donor registration typically includes personal details, including the donor’s name, gender, date of birth,
address, and telephone number. In the blood donor registration process, donors are assigned a unique donor identification
number, receive educational material on blood donation, and complete a donor health questionnaire to determine
eligibility. Donor health questionnaires are required to be completed for each donation. Donor registration creates
a database of potential donors, whom the donor center can contact to replenish the blood supply and determine if

a specific blood product is needed for a particular patient.

Educational Materials and Donor Acknowledgement and Consent
The donor selection process begins with public outreach and donor education. This will increase the likelihood of
acceptance.® Donors should be allowed to self-defer after being informed about the health issues and high-risk behaviors
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that would prevent blood donation.® Strategies to promote voluntary blood donation, including donor education and
information, must be practiced to create a secure and long-lasting voluntary donor base.’

Pre-donation information should be presented at the donation session in an easy-to-understand manner and in the
appropriate languages® Donors should be educated regarding the donor selection criteria, blood donation process, and
screening tests performed. This lets the donors know the importance of disclosing any medical illness or relevant
transfusion-transmitted infectious (RTTI)-associated risks and the unsuitability to donate blood and make a choice to self-
defer themselves. Pre-donation information should include knowledge about blood and its components, the importance of
blood donation, and the consequences of leading a healthy lifestyle.® It should inform the donor regarding the pre-
donation questionnaire, medical history, risk assessment, venipuncture, blood collection, post-donation care, and screen-
ing tests done. It should provide the donor with a rationale for the donor questionnaire and pre-donation health
evaluation. It should inform the donor about the option to withdraw or self-defer at any moment during or after the
donation procedure and to do so without being unduly embarrassed or questioned.® The donor should be informed about
routes of transmission, natural history, and ways to prevent RTTIs such as human immunodeficiency virus (HIV),
hepatitis B virus (HBV), and hepatitis C virus (HCV), as well as the window period of infection and alternate testing
locations for them to know their infection status.® Donors must be informed that when RTTI test results are abnormal,
there are implications for donors and the blood they donate. There is also a mechanism for notifying donors of abnormal
test results, providing post-donation counseling, assuring confidentiality, and, if necessary, referring donors for additional
testing, and medical treatment.®

Donors should be educated regarding the possibility of adverse donor reactions as well. Evaluating the capacity to
comprehend blood donation and informed consent is essential.® Donors will be comforted that their welfare is vital to the
blood center. They may be motivated to become repeat donors if they understand that providing accurate and complete
information about their health is in their best interests. Verifying that the donor understands the questionnaire presented
and offers precise information is crucial. This is especially important if the donor is a first-time donor. Responding to the
donor’s inquiries and offering assurance if necessary is essential. A prospective donor must voluntarily agree to the
following: blood donation, testing for RTTI; transfusion of donated blood to patients; and, if necessary, using the blood
for additional tests, quality assurance, or research.® To obtain informed consent from the donor, they should be informed
about the tests (RTTI and others) conducted on the blood samples given, the justifications for these tests, and assured that
all personal data, including test results, are treated confidentially. The process includes the donor’s signature and
providing informed consent. It indicates agreement to permitting post-donation notification and counseling should
a positive RTTI marker or any other abnormality be found and that the donor is aware of the risks of RTTI transmission
through donated blood.® In countries where donors may face legal consequences for delivering false information, they
must comprehend the questionnaire and its implications. In countries where those under the age of majority may donate,

a parent or guardian’s written consent must be sought per domestic laws.®

Health History Assessment- AABB DHQ

A blood center’s role is both donor and recipient safety.® A blood donor should be in good health. The WHO defined
“Health” as “a state of complete physical, mental and social well-being and not merely the absence of disease or
infirmity”.' Good health can be determined using specific associated parameters ascertained from a brief medical
history, observation, and simple tests.® The donor assessment aims to determine suitability so that the donation is safe and
the products will not harm the recipients. This provides an opportunity to assess the donor’s fitness.”

The assessment of donor suitability and deferral are excluding donations from those at risk of RTTI, especially those
that may have occurred recently and may not be detected by routine screening tests or for which no practical blood
screening tests are available.'!

The WHO has given recommendations for donor assessment and acceptance and deferral of donors based on selection
criteria.® These include lower and upper age limits, donor appearance and inspection, minor illnesses, weight, gender for
pregnancy, lactation, breastfeeding, decreasing transfusion-associated acute lung injury (TRALI) risk, vital signs, donor
iron status to be determined by hemoglobin (Hb) screening, frequency of donation and iron supplementation, occupation

and leisure activities and special considerations for apheresis donations.”
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The Association for the Advancement of Blood and Biotherapies (AABB) published an Individual Risk Assessment
(IRA) Donor History Questionnaire Example Model in 2022 using Canada’s eligibility criteria to help the Food and Drug
Administration (FDA) and the transfusion community visualize the implementation this system. The FDA approved an
updated questionnaire including IRA in June 2023.'>'* The US FDA issued a final guidance document,
“Recommendations for Evaluating Donor Eligibility Using Individual Risk-Based Questions to Reduce the Risk of
Human Immunodeficiency Virus Transmission by Blood and Blood Product”, in May 2023 in which FDA’s recommen-
dations for donor deferral and re-entry are summarized.'*

Blood donation is one of the most highly controlled practices globally. Safeguarding the safety and efficacy of blood
components is critical, as blood is an irreplaceable part of modern clinical therapies.'' The World Health Organization
(WHO) and AABB have defined donor health questionnaires. Norway changed its guidelines and procedures in 2019 to
include new donors at the Oslo Blood Center. With this change, only anaphylactic reactions provide a reason for deferral,
while people with other allergic symptoms can donate. Similarly, those with  -blockers and antihypertensive medica-
tions could not donate, while those taking other antihypertensive medications in the revised guidelines remain eligible.'”
The upper age limit has been removed, allowing some healthy elderly individuals to continue to donate. The national
guidelines of Norway were revised to defer persons taking permanently or who had been taking injectable drugs.
Cannabis use and oral/nasal intake more than one year prior are currently acceptable.'® Another welcome change is the
shorter deferral of 4 months rather than 12 months of people traveling to malaria-endemic countries and donors from
South/Latin America.

In Korea, the Blood Management Act was enacted in 1970, and the national blood service was consigned to the Korean
Red Cross (KRC) in 1981."° In 1998, a 100% voluntary blood donor system was achieved.'®> Donations can be accessed
anywhere in the country via the Electronic Health History Assessment System on the KRC website (https:/bloodinfo.net)."?

Potential donors, who were deferred in the past, are added to this system and deemed ineligible nationally.'®

Uganda is an East African low-income country (LIC), with nearly 20% of its population below the poverty line.'’
Although it has a national blood transfusion service, it needs more blood available for patients. In a study by Checkley
et al on “Assessment of Blood Donation and Transfusion”, the authors found that > 50% of participants were unaware of
the minimum age and weight requirements for blood donation and the greatest blood collection volume.'” There was an
incorrect knowledge of eligibility criteria regarding pregnancy, menstruation, breastfeeding women, and diabetics.
Education about donation through informational messaging may, it is hoped, will increase the safe blood supply.'’

In India, blood transfusion services are governed under the Drugs and Cosmetics Rules, initiated in 1945 and
amended periodically. In 2011, the upper age limit was increased from 60 years to 65 years. Through another amendment
in the act in 2020, donor selection criteria were revised in which after whole blood donation, a plateletpheresis donor
shall not be accepted before 28 days.'®

Donor Qualification by Focused Physical Examination

The general health of a donor is evaluated before accepting an individual for donation, and this process is commonly
referred to as a focused or mini-physical examination. The broad criteria for donor qualification include vital parameters
like temperature, pulse, blood pressure, and Hb/hematocrit (Het) levels.'® These criteria are essential to ensure the quality
of the blood components and also the donor’s safety.'® There are additional criteria for the apheresis donors, which must
meet the regulatory requirements. The AABB Standards for Blood Banks and Transfusion Services (BB/TS) and WHO
guidelines for donor examination are two of the most widely followed documents for these criteria.®'* These guidelines
define the specific physical requirements and the level of medical supervision required for the assessment. For example,
the WHO guidelines state that first-time donors above 60 years of age and repeat donors above 65 years may be accepted
if found fit on examination.® The AABB BB/TS also addresses these issues similarly; however, it does not require
additional evaluation for older donors. The commonly used vital parameters and their acceptance criteria across different
geographical locations are discussed here.*
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Pulse

The criteria for measuring pulse before blood donation varies significantly from one country to another. As per the
AABB BB/TS and the US FDA regulations, the donor’s pulse should be regular and, in the range, of 50 —100 beats
per minute."® Suppose the pulse is irregular or outside these values. In that case, the designated physician must determine
if the donor may be accepted after validating that donating would not adversely affect the donor’s health. The WHO
guidelines have mentioned that a regular pulse in the range of 60—100 beats per minute indicates good health but
suggested assessing its role in blood donation.” The National Health Service (NHS, United Kingdom) blood program
states that checking the pulse of the blood donor is a good practice. Still, it should not be considered an absolute criterion
for donor qualification.

Blood Pressure

The AABB BB/TS and the US FDA regulations (21 Code of Federal Regulations (CFR) 630.10(f)(2)) state that the
systolic blood pressure (BP) should be in the range of 90 —180 mm of mercury (mm Hg) and diastolic in 50-100 mm
Hg.'® A donor with BP outside these values may be accepted after evaluation by the responsible physician along similar
lines for a pulse, as stated earlier. Studies done on this topic, including a systematic literature review, could not establish
any association between raised systolic blood pressure and adverse donor reactions.’>*' Given these experiences, some
blood centers, no longer defer blood donors for BP (either high or low)."!

Weight

The weight norms for that population should be considered for establishing the lower weight limit for donors. In the US,
50 kg (110 Ibs.) has been set as the lower limit for collecting 500 mL of whole blood. In most other countries, the donor
must weigh at least 45 kg to donate 350 mL of blood and at least 50 kg to donate 450 mL of blood. For double red blood
cell (RBC) apheresis donations, the donor’s weight should be more than 70 kg.®

Local Examination and General Appearance

The focused examination also includes an inspection of the antecubital area of the donor for scars or other skin lesions.
Common and mild skin disorders are usually not considered a cause for the deferral of the donor. Still, if there is
evidence of superimposed bacterial infection, the donor may be deferred. Also, if the lesion interferes with the skin
disinfection of the phlebotomy area or there is evidence of intravenous drug use, the donor may be deferred. The general
condition of the donor should be observed to rule out malnutrition and the influence of alcohol/intoxication. The donor
should not have a fever, breathing difficulties, or persistent cough.

Hemoglobin/Hematocrit Measurement

Hb or Hct measurement before the donation is essential to ensure that blood is not collected from a donor already
anemic and that the RBC has an adequate Hb content and Hct to be effective in the recipient. It is also a required
parameter for collecting blood using automated platforms. The method for estimating Hb/Hct should be rapid, easy to
use, and cause minimum discomfort to the donor. The US FDA has set a lower acceptable limit for Hb at 12.5 g/dL
for females and 13.0 g/dL for males.'® Acceptable ranges vary amongst other countries from 12.5 —13.5 g/dL, while
some countries have kept a single cut-off level for all donors. Non-invasive methods of Hb measurement have
recently been approved in some countries, which do not involve a blood sample but estimate Hb levels through the
skin. Hb is measured by following optical changes after a brief blood flow occlusion in a finger (occlusion
spectroscopy).

As evident from the above discussion, the selection criteria for voluntary donors have undergone a significant
change, especially in the last decade. In many countries, blood collection centers follow the guidelines set by their
regional or national regulatory agencies, and these guidelines often change with time as new evidence emerges.
These changes aim to maintain the blood supply and are often aligned with demographical factors. For example,
relatively less stringent criteria for blood pressure and age will enable more donors in regions with an aging
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population to donate blood. A more stringent deferral criteria in the past for certain groups, including men who
had sex with men (MSM), had limited the available donor pool. The deferral criteria were changed to 3 months
from 1 year by the US FDA in 2020 to expand the donor pool. The 2023 policy guidance by the US FDA has
advocated an IDA approach along the lines adopted by various countries and a step towards a more inclusive
blood supply.?*

Blood-Center-Defined Donor Eligibility Criteria

Cancer

With the advent of better diagnostic and therapeutic options available to patients suffering from malignancy, these
patients often present as prospective donors with a history of cured or “in-remission” malignancy. The deferral period for
such donors depends upon the type of cancer and the treatment history. WHO and the American Red Cross (ARC)
permanently defer individuals with current or cured hematological malignancies from donating blood.*** These include
patients with a history of leukemia or lymphoma, including conditions such as Hodgkin lymphomas, polycythemia rubra
vera, essential thrombocythemia, and paroxysmal nocturnal hemoglobinuria.

There is wide variation in accepting recovered patients as blood donors regarding solid tumors. While the ARC takes
specific donors who have no cancer for a period, there are certain speculations regarding theoretical risks of transfusion-
transmission of tumor cells or oncogenic viruses, which have warranted permanent deferral in some blood transfusion
services.”*%¢

The WHO recommends accepting recovered solid malignant tumors after five years of successful curative treatment
and accepting “in-situ” malignant diseases like basal cell carcinoma or cervical carcinoma in situ.® However, as per

Indian Blood Transfusion Services, there is a blanket permanent deferral for any malignant condition.

Bleeding Conditions or Blood Diseases

The WHO permanently defers individuals with coagulation factor deficiencies (inherited or acquired).® The Indian Blood
Transfusion Services permanently defer all with a history of bleeding disorders and unexplained bleeding tendencies.
Hemoglobinopathies such as thalassemia major and sickle cell disease are permanently deferred, while the thalassemia
trait can be accepted if the donor meets the minimum Hb threshold for blood donation.®*® Those with sickle cell trait are
allowed for whole blood donation by WHO; however, with certain limitations on its use, including to neonates and
recipients with sickle cell disease. Red cell enzyme deficiencies with a known history of hemolysis, including the most
commonly seen glucose-6—phosphate dehydrogenase (G6PD) deficiency, are permanently deferred.

Heart and Lung Conditions
According to the WHO, cardiovascular disease requires written permission from a cardiologist or physician before
donating.® In addition to symptomatic ischemic heart disease, a history of myocardial infarction, symptomatic peripheral
vascular disease, and rheumatic fever with evidence of chronic heart disease, several cardiac conditions can lead to
permanent blood donation deferral. When assessing the eligibility of individuals with heart disease, consideration should
be given to how the disease impacts their ability to tolerate hemodynamic changes caused by blood donation.®

The WHO permanently defers donations from donors with severe obstructive airway disease, including those on long-
term oral steroid therapy, chronic or recurrent respiratory infections, and breathlessness at rest or with minimal exertion.®
Asthmatic patients who are asymptomatic and receiving a nonsteroidal and inhaled steroid maintenance dose may be
eligible for blood donation. However, there are differences regarding deferral for asthma patients taking oral or injectable
steroids. WHO provides deferral for 14 days after recovery or the last dose; the ARC does not mention deferral for such
cases.® The Indian Blood Transfusion Service permanently excludes such patients from blood donation.

Tuberculosis patients are accepted two years after confirmation of cure, while the contacts of tuberculosis individuals
are deferred until they are confirmed clear of infection. When assessing those with respiratory disease, the health status of
the donor and the risk of transfusion-transmission to the recipient must be considered.®
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Medications

Usually, most over-the-counter drugs are acceptable for blood donation. For aspirin, there is a deferral period ranging
from 72 hours to 5 days (if the blood is used for making platelets). Certain teratogenic medications such as etretinate,
acitretin, isotretinoin, and fetotoxic drugs that include dutasteride and finasteride warrant deferral for a specific period
(Table 2). It should be noted that not all medication deferrals are evidence-based, and some are based upon the
precautionary principle.

Recipient-Specific Designated or Directed Blood Donation

Exceptional Medical Need

Sometimes a recipient may benefit from a specific donor."" The recipient may have multiple antibodies or antibodies to
high-prevalence antigens.'' Multiple short-interval donations by a designated individual with a medical need require that
the blood collection facility have a policy that requires a request from the patient’s doctor and authorization by the blood
center’s medical director.'' The donor must meet all other allogeneic donor requirements with the expectation of
frequency. If an urgent need arises, blood can be released before RTTIs results are complete but must be labeled and
managed per the CFR.'""?®

Directed Blood Donations

Patients can request the blood center collect directed donors, usually family members and friends. While directed
donations have declined in recent years, this practice remains and is often driven by an inaccurate perception of the
risk of RTTIs.?? There is no evidence of improved safety. These donors may feel coerced to donate, which could reduce
blood safety. The confidentiality of positive test results may be challenging.''

Directed donors must meet all criteria as allogeneic donors, and their blood can be transfused to others if not used by
the intended recipient.'® The blood center should convey its directed donation procedures so expectations of unit
availability are clear to the hospital, ordering physician, and patient. This should include the mandated interval between
collection and availability to the patient. The hospital should have a defined policy for the release of directed donations to
other patients should the unit not be used."'

Autologous Blood Donations

In the 1980s, when the awareness that allogenic transfusions are associated with several adverse effects, such as the
transmission of RTTIs and hemolytic transfusion reactions, autologous blood transfusions (ABT) gained popularity since
it was safer and offered the best compatibility for the patient.*

Pre-procedure autologous blood donation, perioperative hemodilution, perioperative salvaging of blood, and recom-
binant erythropoiesis-stimulating agents (ESA) therapy and combinations of these approaches come under the purview of
autologous donations.>’ ABT is not a recent concept; blood shed during surgery was reinfused as early as 1818, and
preoperative donation of autologous blood was promoted since the beginning of blood banking in the 1930s.*

Table 2 A Selection of Medications and Deferral Periods for Blood Donors

Medication Deferral Period (Provided as a Range from
Minimum to Maximum Across Various
Guidelines)?*2¢%7

Aspirin 2 to 5 days
Finasteride 28 days to | month
Etretinate, Acitretin or Isotretinoin 28 days to 3 years
Antibiotics for acute infection 14 days after completion
Journal of Blood Medicine 2023:14 https: 601
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Less stringent criteria are used for autologous donation selection compared to allogeneic donation. The AABB BB/TS
mandates no age or weight restrictions, and the minimum Hb level for the donor-patient should be 11.0 g/dL and
hematocrit 33%.'” Donations may be made more than once per week.'""

Autologous blood, however, is not necessarily 100% safe. Transfusion errors, transfusion reactions, adverse reactions
during blood donation, bacterial contamination during processing and storage, and incompatible transfusions due to
clerical errors continue to occur.®® In a hospital-based study, autologous blood units were implicated in 2.1% of all
adverse transfusion reactions.>* Furthermore, autologous transfusions are logistical and resource-intensive.

A successful ABT requires an organized commitment between the surgical and blood center teams to maximize the
donated blood’s utilization. Blood loss must be anticipated individually to determine the number of blood units to be
collected, and the surgery schedule must be decided early enough to avoid the outdating of collected units.>> The cost per
unit of autologous blood tends to be significantly higher than that for allogeneic blood units.® Data reveals that patients
who had autologous blood deposited tend to be transfused at higher hematocrits than patients receiving allogeneic
transfusions.”” More than half of all units collected are discarded.

Strategies for making autologous transfusions cost-effective have been proposed, which include developing
a “maximum surgical blood order schedule” or MSBOS for autologous blood, similar to allogenic units, not screening
autologous blood units for RTTIs, using whole blood instead of processing into components, and requiring patients to pay
for the additional costs of collecting and storage.’®*° However, the cost-benefit of these actions still needs to be
investigated and proven.

Perioperative hemodilution, which includes acute normovolemic hemodilution, is a type of autologous donation
where the autologous blood unit is collected either just before or soon after induction of anesthesia, and intravenous
crystalloid or colloid solution is used to sustain the blood volume. Since perioperative hemodilution does not involve
processing, it may be more cost-effective and feasible as one constituent of a multifaceted approach to bringing down
blood use.*’

In a survey conducted at the Cleveland Clinic among patients undergoing ABT, only 20% cited fear of infection, and
68% had opted for an autologous donation because their physician had recommended it.*' Even though an autologous
donation is recognized as a part of PBM, perioperative strategies to minimize blood loss, based on two Cochrane reviews
of good quality, it is not recommended for routine use because the risk of receiving RBC transfusion (allogenic and
autologous) increases due to lowered Hb levels.**** Autologous blood donation is recommended only in certain
situations, such as a patient with a rare blood group when transfusion requirements cannot be met with allogeneic blood.

Significant developments in window period reduction, enhanced sensitivity of the screening assays, and pathogen
reduction technology (PRT) have improved blood safety considerably. This has led to a decline in ABT. In many parts of
the world, particularly in high-income countries, autologous donations have all but disappeared. Autologous donation can
result in potential harm to the patient, who can develop iron deficiency with or without anemia).

Replacement Donors

In high-income countries (HIC) with well-established blood transfusion services, the demand for blood and blood
products is met entirely from blood donated voluntarily, while in low and middle-income countries (LMIC), blood
shortages are common and chronic.** Families and friends often provide blood for patients requiring transfusion or paid
donation supplements inventory in countries with low rates of voluntary blood donation.*’

A replacement blood donation occurs mainly when the hospital staff asks the patient’s relatives to provide a specified
number of blood donors for every patient who requires a transfusion or undergoes surgery.*® Patients may also prefer
blood from family members or friends rather than “strangers” because they supposedly “know” their family members or
friends (FRD).*® Their keenness to donate blood either to save the life of a loved one or their fear of distressing or
displeasing family may cause them to withhold information about their health status or lifestyle behavior.*® Studies have
also shown higher rates of discard in the blood units from replacement donors due to the presence of RTTI markers.*”>°
Another impact of asking for blood on a replacement basis is on its subsequent use. Physicians are pressured by the
patient and their family members for irrational transfusions, regardless of patient need and risks associated with

transfusion. This widens the gap between supply and demand and deprives blood and blood products for patients who
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require it. The issue of blood safety was addressed at the first World Health Assembly resolution (WHA28.72) a half-
century prior.”!

The WHO Global Database on Blood Safety has identified several challenges that need to be addressed to promote
voluntary blood donation,*’ including commitment and support of the government towards infrastructure, human and
financial resources, acknowledgment of transfusion as an essential part of the health care, development, and enactment of
a national blood policy and a plan with the distribution of supplies are all crucial to achieving and sustaining a 100%
voluntary blood donation program.** Public trust in the blood center’s ability to support transfusion needs can be earned
only over an extended amount of time. Still, it can be lost very swiftly, adversely affecting the trustworthiness and
support of donors, partner organizations, and the public.** In short, sustaining a 100% voluntary blood donation program
is financially and resource-intensive.

Recent studies conducted in four sub-Saharan African countries indicate FRDs and first-time voluntary blood donors
(VBD) were epidemiologically undistinguishable regarding the RTTI marker status.’>>> The prevalence of RTTI
markers was significantly lower only in VBDs who donated within a 12-month interval.>>

The hospital-based FRD system has been in existence for many years. It is providing a maintainable blood inventory,
especially in communities and countries without access to a centralized, voluntary donor system.>® Instead of completely
neglecting FRDs, the safety of the donated units from FRDs can be enhanced by creating awareness about safe blood and
enhanced pre-donation counseling, including the option for self-deferral, as well as adherence to donor selection criteria
and employing sensitive screening assays for RTTIs. FRDs can be considered a viable, sustainable, and cost-effective
source of blood for transfusion as a bridge until a committed voluntary blood donation program is established.

Aging Populations (US)
The number of transplants performed in Europe and associated countries continues to rise, with 47,468 hematopoietic
stem cell transplants in 42,901 patients [19,630 allogeneic (41%) and 27,838 autologous (59%)] reported by 701 centers
in 50 countries in 2018.°">°

Blood transfusion is a transfer of blood from donors to recipients. These two groups differ considerably in their
demographic structure.’® Donors are an essential “powering” element for blood services.”® The donor population is
young and healthy, while most patients requiring blood are of an older demographic.”® These significant age differences
lead to demographic trends important for future blood supply.’®

Globally, the population is shifting to an older demographic due to increased life expectancy and the recent decrease

1.°° Adequate blood supply of a population requires the right number

in birth rates with stabilization at a current low leve
of blood donations and the demand for blood transfusions. Because most blood donors are 18 (or 16 years in some
countries) to 65 years, and most blood recipients are >65 years, the ratio between these two population groups is relevant
for the blood supply and demand relationship.”® This the number of recipients will change substantially in all European
and North American countries.

It is evident from the population pyramids of 2023 of various continents (Figure 1) that the demography of North
America, Europe, and the United Kingdom (UK) is changing towards an aging population; which means the donor pool is
shrinking with an increase in the recipient population while in population pyramid of Africa, the base is broad indicating
predominance of the younger, pediatric population which are yet to enter donor pool with lesser of the elderly population.
Asia and particularly India has an expansive donor pool with a less elderly recipient population. These different demo-
graphics in different continents will affect the blood supply, more in western counties, in the next ten years.

In the last few decades, more studies on PRT have been done, but changing the demography of HIC poses a much
higher risk for the safety of blood supply than PRT which is currently available for plasma and platelets in some countries
and under investigation for RBCs in others. In 1994, Vamvakas & Taswell forecasted future US blood requirements to
increase by 64% from 1989 until 2030, while blood collection would increase by only 12%, suggesting a shortfall of
nearly 4 million RBC units by 2030 in US.®'

A study by Zou et al for the ARC found that repeat donations by donors over the age of 50 increased from 22.1% to
34.5% from 1996 through 2005, while repeat donations by donors of less than 50 years age group decreased from 59% to
48% during the same period.®? They predicted a severe shortage of blood components unless measures are taken to
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Figure | It is evident from population pyramids of 2023 that the demography of Europe is changing towards an aging population, which means the donor pool is shrinking
with an increase in the recipient population while in the population pyramid of Africa, the base is broad indicating a predominance of the younger, pediatric population which
are yet to enter donor pool with lesser of the elderly population. These different demographics will affect the blood supply in the next ten years. Reprinted from Population
Pyramids of the World from 1950 to 2100. Available from: https://www.populationpyramid.net/world/2023/.
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increase the inventory or reduce the use considerably. The European blood donor population data tends to be sparser,
possibly related to underreporting studies or language issues.®

Currie et al predicted a future increase in transfusions for Wales in 2004.%® It would increase over the next quarter
century, achieving a 29% increase in demand by 2026 compared with 1999, primarily due to an aging population with
higher transfusion rates.> Requests for RBCs are increasing in Taiwan, and authors anticipated that this would endure
due to the aging population.®* In Finland, there is a marked increase in RBC use beginning at around age 50.°> Those
patients age 70 and older have an eightfold higher RBC consumption than their counterparts ages 20-40 years.®

With pronounced demographic changes occurring globally and different medical practices between countries, it is
essential to monitor the donor and recipient age distributions regularly. Some radical actions such as extending the age
limit for donations, reversing certain donor deferrals, the impact of changing demography on blood demand and supply, and

improving various PBM strategies to prevent blood shortages or wastage due to overproduction will need to be explored.

Infrastructure Concerns (US)

For a successful blood center, achieving 100% voluntary, non-remunerated blood donors (VNRBD) are considered
a landmark for the available resources. However, monetary allocations for rewards and the availability of modern
infrastructure play a vital role in achieving the above status. Contrarily, blood donor programs are often perceived
to be inexpensive to run, and they receive lower priority in funds allocations in governmental-run blood centers
and more so in LMICs. This fund insufficiency affects donor recalls, the operation of mobile donor vehicles, and
the maintenance of vehicles. While much work has been done globally on blood availability, blood and transfusion
safety, and appropriate use of blood and blood components, each country’s approach to funding the blood supply
and provision of transfusion needs to be standardized and is highly variable. Funding varies among countries, with
some countries with no specific mechanism and others using cost recovery.

Within blood centers, gaps are well known, more in LMICs, concerning competent trained staff, which gets
compounded in LMICs. There is a need for training and education to ensure adequate blood supplies and transfusion
safety, especially in LMICs.

Blood should only be collected in settings with an appropriate number of trained staff to perform the procedures
safely. Staff should be trained in communication skills for successful donor information, education, and motivation.
Notifications and counseling, especially when adverse events occur, require qualified and trained staff with excellent
interpersonal talents and the capability to provide support and care. Human resources are needed to strengthen
infrastructure, particularly graphic design and marketing experts, to create effective posters and leaflets, organize
traditional and social media campaigns, and hold public talks.

RBC serology and molecular testing are highly variable in many parts of the world. In some countries and regions, pre-
transfusion anti-human globulin crossmatch is well established, while tile crossmatch is performed in other places. Extended
red-cell phenotyping is performed only in some hospital-based transfusion services, more so in sub-Saharan African
countries where there is often a lack of reagents to conduct tests or technical skills.*® The situation gets further compounded
for multiply-transfused sickle cell patients who have developed multiple alloantibodies. Other infrastructure and resource
constraints are faced with procuring sufficient screening for red cell antibodies, RTTIs, hemovigilance, and quality assurance.

Similarly, screening tests for RTTIs with low sensitivity led to the high prevalence of RTTIs. Due to a shortage of
money and technical ability, in most hospitals in sub-Saharan Africa, the prevalence of HIV, HBV, HCV, and syphilis in
blood donors is 10.9% in Nigeria, 9.4% in Kenya and 6.6% in Ethiopia.°® Only a few countries in Africa are using
nucleic acid tests (NAT), namely Ghana, Egypt, Namibia, and South Africa.®®

Using technology, the internet, various blood establishment computer systems, or implementing blood center
services based on cloud computing increases efficiency and safety. However, it is a significant infrastructure
challenge for resource-constrained countries where basic component production and fractionation is a distant
dream. In sub-Saharan African countries, some blood centers have no constant electricity supply. Generators can
make electricity supply for blood bank refrigerators. Still, the energy required for deep freezers to store plasma and
cryoprecipitate often exceeds their capacity, or freezers break down due to frequent electricity failures, power

Journal of Blood Medicine 2023:14 hetps: 605

Dove:


https://www.dovepress.com
https://www.dovepress.com

Gammon et al Dove

outages, and fluctuating voltage. This leads to the thawing of plasma several times within a few weeks, requiring it
to be discarded.®’

Implementation science, a term coined by Custer et al in 2018, evaluates the acceptability, affordability, appropriate-
ness, feasibility, and sustainability of interventions to improve the availability of blood and blood components in
LMICs.%® Where applicable, every government, federal or state, and private organization needs to allocate adequate
budgets to have effective and safe blood donations and transfusions.

Increased Demand

In the US, though around 6.8 million donors attempt to donate, only approximately 10% of that population is eligible.*?
Furthermore, global crises, such as the recent SARS-CoV-2 pandemic, have further hindered blood and blood product
collection. It was estimated by the ARC that during the height of the pandemic, there was a 62% drop in blood donations,
specifically from school drives, which supply most of their blood products.”® The pressure for more blood donations has
witnessed a significant upsurge in recent years, influenced by various factors. The expanding population and the
increasing number of medical procedures requiring blood transfusions are the primary factors behind this surge. As
more individuals undergo surgeries and medical treatments, the demand for blood products intensifies. Natural disasters
and emergencies also contribute to the elevated demand, as they often result in substantial loss of life and injuries,
necessitating a greater supply of blood. The aging population is another contributing factor to the augmented need for
blood donations. As individuals age, they become more prone to developing health conditions that require blood
transfusions, such as anemia or cancer. Moreover, advancements in medical technology have introduced novel treatments
and procedures that rely on utilizing blood products, further propelling the demand.

New donors are constantly needed to meet the increasing demand for blood donations. Blood centers rely on the
generosity of volunteer donors to keep their supplies at a level that can meet the needs of patients. Regular blood
donations are essential to ensure that a sufficient supply is available when it is needed. Therefore, individuals must
consider donating blood regularly to help others in need and meet the growing demand.

Role of Patient Blood Management

Blood is a common therapeutic intervention during hospitalization. More than 15 million blood components (red blood
cells, platelets, and plasma) are transfused annually in the US.’ Both blood product utilization and collection have
decreased over the past decade; however, the decline is now appearing to slow down,*® and keeping a steady balance of
supply and demand is crucial. Blood product utilization declined primarily due to the advancement of less invasive
surgical techniques and revised transfusion guidelines from professional medical societies.

PBM is a comprehensive, evidence-based, multidisciplinary process focused on patients for optimal utilization of
blood products and limiting blood transfusion risks. The core principles of PBM are appropriate preoperative anemia
management and optimization of RBC mass, limiting blood loss during surgeries, and rational transfusion of blood
products.®” PBM was primarily aimed at surgical patients; however, its scope has also gradually evolved for medical
conditions. Reduced blood product utilization has been shown in several studies with PBM implementation.
A retrospective study of 605,046 patients showed a 41% reduction in transfused blood product units (RBC, fresh frozen
plasma, platelets) per admission and improved patient outcomes after initiating a health systemwide PBM program.”®
Another study showed a significant reduction in RBC (39%) and platelet (35%) transfusions per admission in patients on
intense chemotherapy for acute leukemia or hematopoietic stem cell transplant.”!

A comprehensive PBM program not only focuses on optimal blood product utilization but also has a component for
reducing blood product wastage. Although a fraction of blood product wastage is inevitable, minimizing avoidable
wastage can play a crucial role in blood product supply conservation. With an average rate of 1 to 5% blood product
wastage, a few hundred thousand blood products are discarded annually in the US. A multidisciplinary approach,
including implementing effective inventory management for tracking and storing blood products and communication
with ordering providers, can be used to minimize blood product wastage. Heitmiller et al used an interdisciplinary team
and the Lean Six Sigma methodology. They reduced overall RBC wastage by approximately 50% (4.4% to less than
2%).”” A recent study by Levin et al showed that even a low-cost initiative such as physician-to-physician
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communication could significantly reduce blood product wastage.” In a dwindling donor supply setting, there is a greater
need to promote PBM as a standard of care.

Promote Understanding of the Importance and Culture of Patient Blood Management
According to data from clinical trials and published clinical guidelines, a limited blood transfusion strategy is recom-
mended as the best practice for hospitalized, stabilized patients. A crucial process improvement for lowering variability
in transfusion practices and clinical outcomes is creating and implementing PBM programs.

It can be challenging to improve practice, especially when there is little enthusiasm for change. Utilizing practice
development teams that have already been established inside the organization and employees who are knowledgeable
about the technique should be considered.

It requires collaborative and team effort to practice change and implementation. It may work locally with the help of
short-term project teams but needs organizational, structural, and permanent process change to be effective at hospital /
institute or multi-hospital levels.

Understanding and utilizing hospitals’ unique settings and cultures can help bring about change.

Especially from within the organization groups, leaders are essential. Executive leadership is crucial to support and
promote a space for PBM inside the hospital. The most important resources for getting physicians to pay attention to the
research and the need for practice change are reputed clinicians in the institute. It is essential to start thinking about
clinical champions in the affected groups as soon as possible. Local doctors must be involved in the co-design process to
ensure projects’ relevance to a specific environment and increase their chances of success. Emphasis should also be made
to engage non-clinical stakeholders as altered processes may also affect them. Patients are kept at the center of care when
changes are made, a widely accepted principle in PBM and all models of care.

Support from C-Suite

Implementing a PBM program at a hospital/transfusion service requires input and support on many levels. The program
depends on a multidisciplinary committee of doctors, nurses, laboratory scientists, and management. It is imperative to
have executive support for the successful startup of a program. Starting a PBM program involves many changes that
clinicians must abide by, as well as startup costs associated with supporting the program (eg, hospital information
systems, education, and staff support).”*

C-suite support is crucial for the success of PBM programs. The C-suite consists of top-level executives, such as the
chief executive officer (CEO), chief operating officer (COO), and chief financial officer (CFO), who have the power to
make crucial decisions and allocate resources within an organization. The C-suite can demonstrate its commitment to
improving patient care and reducing healthcare costs by supporting PBM programs.

PBM programs aim to optimize the use of blood products to minimize blood transfusions, reduce the risk of
transfusion-related adverse events, and improve patient outcomes. C-suite support for these programs can include
providing financial resources to implement new protocols and technology and encouraging interdepartmental collabora-
tion and staff education. In addition, C-suite leaders can advocate for the program to stakeholders, including other
executives, physicians, and regulatory bodies, to help secure the necessary support and resources.”*

Having the support of the C-suite is also crucial for the sustainability and growth of PBM programs. The C-suite can
ensure that the program remains a priority for the organization, even as other initiatives are introduced. In addition, by
providing ongoing support and resources, the C-suite can help ensure that the program successfully improves patient care
and reduces healthcare costs over the long term. McKinney mentions an annual blood acquisition reduction of
$1.6 million US dollars from their PBM program and a 10% decrease in cardiac surgery costs per case.”” They also
provide annual education for providers, and their electronic ordering system allows for real-time alerts. Depending on the
contract and current system set up for the ordering clinician, this can require startup capital. Annual education also needs
funds for provider wages as well as educational content. Overall, cost savings from successful programs support the
initial startup costs.
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The Effects of COVID on the Blood Supply

Due to the impacts of COVID-19 on blood donation efforts, for several months in the first half of 2021, a severe national
blood shortage plagued the US during the first half of 2021. On June 17, 2020, a joint statement released by AABB and
the blood centers of the US urged hospitals to implement PBM strategies. In addition, the WHO issued a policy brief
relating to implementing a PBM program. The three pillars of PBM include detecting and managing anemia and iron
deficiency, minimizing blood loss and optimizing coagulation, and leveraging and optimizing the patient-specific
physiological tolerance of anemia.”®

A systematic review of the literature during March and April 2020 provided recommendations to consider, namely,
the impact COVID-19 has on patient need for transfusion, donor and donation factors impacting supply, PBM
implementation, and prioritization of patient transfusion needs.”” Lessons learned from the COVID-19 pandemic may
assist transfusion facilities in future planning during similar supply shortages. These efforts highlight ways facilities can
start or improve upon existing PBM programs.

With the cancellations of elective procedures early on in the COVID-19 pandemic, some facilities saw a concurrent
reduction in blood utilization, so blood shortages were often avoided.” Similarly, in one French institution Delabranche
et al” provided, a year-to-year retrospective analysis study showed that a reduction of patient influx due to the
cancelation of elective surgeries despite an 11% reduction in blood donations, led to a manageable supply of blood
available for patients, with no needed transfusions being canceled. Finally, for some facilities with pre-existing PBM
programs before the pandemic, whether formalized or in-house implementations,®® were less impacted initially by the
shortages.

International Society of Blood Transfusion (ISBT) survey researchers conducted a 37-question anonymous survey of
transfusion medicine specialists across the US.®! Highlights of this study showed that 98% of respondents experienced
a blood shortage, 35.3% of institutions altered their blood inventory number or composition of products as well as blood
suppliers, 78% of respondents reported that blood conservation strategies resulted in reduced blood product usage, and
38.1% reported decreased blood product wastage.

The authors of one US proof of concept study concluded that an ultra-restrictive transfusion approach for non-
bleeding, non-COVID, or non-cardiac ischemic patients (< 6 g/dL. Hb threshold) led to adequate blood inventory
management during the pandemic.®?

As a result of shortages experienced during COVID-19, some hospitals modified existing massive transfusion
protocols (MTPs). For example, one author’s (CH) institution modified quantities of each round while maintaining
expected product ratios. Instead of four units of RBCs and plasma sent in each round, two units of each product were
sent. After the pandemic, a decision was made to keep the reduced quantities as part of each MTP round, with better
inventory management and reduction of wastage as factors to support this change. The National Transfusion Committee
in the UK further describes a triage tool for patients requiring massive transfusion to ensure that the most significant
number of life years can be saved ethically and equitably.®®

PBM also has a role in emergency medicine. Beverina et al, describe how a hospital embraced PBM and broke with
the tradition of transfusion therapy for treating severe iron deficiency anemia (IDA). In 2018 the Emergency Department
and anemia clinic (AC) adopted a synchronized approach to treating patients with severe IDA with the objective of
offering, as swiftly as possible, the most appropriate treatment at the first point of admission and subsequently proceeding
with additional therapy and follow-up.®*

Conclusion

This manuscript has shown that blood donation and PBM go hand in hand. With the many challenges blood centers face,
there must be an adequate number of donors for the blood products needed. At the time of writing of this manuscript,
blood can only be obtained from donors and not manufactured. As the population continues to age in certain regions,
those who were previously donors may need to leave the pool and potentially become blood product recipients. In an
effort to maximize patient safety, however, transfusion medicine practice culture needs to shift towards a PBM approach,
with hospitals implementing it as an important tool to minimize the risks of allogeneic blood transfusion and optimize the
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precious gift of blood donation.®> In summary, a robust blood donor pool and good stewardship of the blood supply

through PBM ensure evidence-based transfusions, and product wastage is minimized for a safe and adequate blood

supply as we move into the second quarter of the 21 century.
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