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The early days—pre-1900

Humans have always been intrigued by blood. As far as 
documented human history goes, blood has been included 
in various forms of rituals, either traditional or religious. The 
history of blood transfusion dates back to the time when 

humans believed that the blood contained something (which 
was called with various names such as life-giving force, 
vigor, soul, life, etc.) that could be transferred from one 
to another. From the Greek fable of Medea and Aeson (1)  
to the accounts of the Romans who drank it and bathed in  
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it (2), human history has been studded with mentions of 
blood and the flawed understanding of its functions.

There is a story of Pope Innocent VIII, who was in 
a coma. In 1492, the physician of the pope attempted 
to collect blood from young boys. Although there is no 
evidence of an actual transfusion in this instance, this 
shows the understanding and practices related to blood in 
those times (3,4). Although humans did not completely 
understand the mechanism of the blood flow in the human 
body, they made attempts to transfer the mysterious powers 
of the “red fluid” one way or the other.

Four hundred years after the discovery of pulmonary 
circulation by Ibn al-Nafis (5,6), William Harvey described 
the whole circulatory system in 1628, which supported Ibn 
al-Nafis concept of the blood being intravascular and hence 
gave birth to the further focused attempts to place items 
intravenously, be it wine (4) or opium or other drugs (7)  
in dogs. 

Experiments with blood transfusions amongst animals 
lead us to 1665, when Richard Lower performed the first 
dog-to-dog transfusion and marked the timestamp as a 
successful blood transfusion, albeit in animals (8). What 
followed was a passionate attempt to substitute the recipient 
with humans, with Jean Denis performing a successful 
lamb-to-human transfusion on June 15, 1667 (9), the 
patient’s survival, however, is a bigger mystery than the 
transfusion itself. This was followed by Richard Lower and 
Edmund King performing a sheep-to-human transfusion 
on November 23, 1667 (10). Armed with this magic cure, a 
few more transfusions of lamb blood were attempted in the 
coming months of 1667 by Denis. However, with the death 
of the fourth patient, Denis put a decisive end to these 
experiments. Although interestingly, on further evaluation, 
the cause of this particular patient’s death was attributed to 
his scorned wife, who poisoned him with arsenic (11). With 
the courts stepping in and banning such future excursions, 
this marked the beginning of a long transfusion moratorium 
that spanned nearly 150 years. 

In the early 19th century, James Blundell revived this lost 
art of transfusion medicine with his “Experiments on the 
Transfusion of Blood by the Syringe” (12). He not only 
demonstrated the use of syringes to perform transfusion 
but also announced that only human blood should be used 
for humans. This ultimately led to the first human blood 
transfusion on September 26, 1818.

Not all transfusions of human blood were successful, 
and coagulation of the transfused blood was thought to be 
the culprit in the failures. The use of defibrinated blood 

did not solve the problem. Even anticoagulated blood with 
phosphate solutions by Braxton-Hicks in 1869 (13) did not 
prevent deaths post-transfusions, which were actually being 
caused due to the mismatch of blood groups that had not 
yet been discovered. 

By the end of the 19th century, the groundwork was 
being laid for what is now defined as PBM. Surgeons had 
begun focusing attention on examining a patient’s blood, 
minimizing hemorrhage, and tolerating anemia, as blood 
transfusion was not a therapeutic option (14).

Entry into the modern era of transfusion 
medicine—1900–1960

The first part of the 20th century was not focused on PBM 
but rather on the development of a safe product that could 
be stored and administered at a later time and started with 
a very important discovery (15). In 1900, Karl Landsteiner 
observed that the sera of some individuals agglutinated the 
red blood cells (RBCs) of others. This study, published the 
following year (16) showed for the first time the cellular 
differences in individuals from the same species (17). With 
the discovery of the first three blood groups A, B, and C (later 
group O) by Landsteiner and group AB by his students (18), 
the foundation was laid for safe transfusion (15). In 1913, 
Ottenberg showed the importance of compatibility testing 
to prevent transfusion “accidents” (19). He was the first to 
recognize the “universal” utility of type O blood donors (20). 

Modern transfusion, however, remained impossible, 
as all transfusions had to be performed directly from 
the donor’s arm to the patient arm since there were not 
yet anticoagulants (21). The solution was to be found 
separately by two physicians. One of the investigators 
was the Argentinean doctor Luis Agote. On November 9, 
1914, in the medical clinic of the Rawson Hospital, Buenos 
Aires, he transfused 300 mL of blood collected from an 
employee, and mixed with 3 g of 25% neutral citrate of 
sodium solution, to a recipient affected with pulmonary 
tuberculosis. Unfortunately, Dr. Agote did not publish 
his results in a medical journal. He gave the story to La 
Prensa, the leading daily newspaper of Buenos Aires. It was 
not until the following year that Agote’s work appeared in 
the medical press (21,22). In the United States (US), the 
surgeon Richard Lewisohn performed two transfusions with 
sodium-citrated blood and published in a medical journal 
in January 1915, two months after Agote, for which he took 
responsibility for the discovery (21). 

In 1937, Bernard Fantus started the first hospital blood 
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bank at Cook County Hospital in Chicago (23). Here, 
he established the idea of a “blood bank” from which 
previously deposited blood could be withdrawn. At the 
beginning of World War II, blood donation programs were 
greatly expanded (24). 

During World War II, the rationale of transfusion 
to save lives from massive hemorrhage remained the 
rationale for transfusion (25). However, physician practice 
changed dramatically once blood was readily available (25). 
Open-heart surgery, orthopedic joint replacements, liver 
transplantation, burn treatment, and extirpative cancer 
surgery all now were possible with blood product support (25).  
It soon became the norm to order at least a type and 
crossmatch and transfusion for surgery of any kind (25). Dr. 
Charles Drew spearheaded the “Plasma for Britain” project 
with our 14 million units collected by the war’s end (15).

The rationale for transfusion rapidly progressed from 
exsanguinating hemorrhage to correction of measured 
hemoglobin and hematocrit. The “10/30 rule” of which 
generations of medical students were taught, stated that 
patients should not undergo surgery with a hemoglobin 
value of <10 g/dL or a hematocrit <30% (26). It’s important 
that changes in practice cannot be overstated. This changed 
the reason to transfuse from blood loss to a pre-set level of 
unacceptable anemia (27). By the 1950s, physicians ‘knew’ 
that blood was safe if it was typed properly (28). Moreover, 
if they followed the “10/30 rule”, there was no reason not to 
provide a patient with a transfusion (29). The end result was 
an era of cavalier, rule-based transfusion with little if any, 
consideration for the patient (29). 

One of the earliest descriptions of 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, (ii) with an anemic 
patient with complications affecting oxygenation or who is 
to undergo anesthesia may be transfused if the hemoglobin 
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. Between 1953 and 1960, the 
application of these indications resulted in a decreasing “use 
factor” (units transfused annually divided by the 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 the hazards of unnecessary transfusions, and easing the 
burden of donor recruitment and blood collection (30). This 

was very forward-thinking when the only relevant transfusion-
transmitted infection (RTTI) testing was for syphilis. 

Bloodless surgery is a non-invasive surgical method 
developed by an orthopedic surgeon. In the early 1900s, 
Adolf Lorenz was known as “the bloodless surgeon of 
Vienna” (31-34). His use of bloodless surgery was due to his 
severe allergy to carbolic acid routinely used in operating 
rooms of the time. His condition forced him to become 
what was then known as a “dry surgeon” (35). Bloodless 
surgery, however, would not be widely accepted as standard 
practice for many years. 

Response to call from patients refusing blood 
for religious and safety reasons—1960s–1980s

The Jehovah’s Witness patients (JWP) 

The Jehovah’s Witness (JW) religion was founded by 
Charles Taze Russell in Pittsburgh in 1872 during the 
Adventist movement based on a literal millennialist 
interpretation of the Bible (36). In 1931, the organization 
officially became known as the ‘JWs’ (36). They share 
some Christian beliefs but hold some unique views as 
being politically neutral, do not salute flags, enlist in the 
military, or vote in public elections. They celebrate neither 
Christmas nor birthdays and must satisfy their ministry’s 
minimum monthly time requirement (36).

It was not until 1945 that the governing body of the 
‘JW’, the Watchtower Society (WTS) introduced the blood 
transfusion ban, based on the strict literal interpretation of 
several scriptural passages of the New World Translation 
of the Bible (36,37). There are more than 7.5 million JWs 
globally, and the number has been increasing (36). Later, 
in the 1970s, JWs distributed WTS blood refusal cards. 
These cards specify that the owner will not accept blood 
products under any circumstances. Other religious groups 
have accepted blood transfusion as a medical necessity; 
to the authors’ knowledge, no other religious group has 
banned blood transfusion. Hence, refusing potentially life-
saving medical interventions such as blood transfusion 
raised significant ethical and legal issues (37). This has made 
it essential that treating physicians apply other bloodless 
medical and surgical interventions to treat those patients. 

The effectiveness of hemoglobin substitutes remains 
elusive, and their use, at least in the US, remains limited to 
clinical trials or compassionate release. Nevertheless, the 
question of whether JWP would accept these products was 
raised long ago with no clear-cut answer. Some of these 
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products contain plasma products such as albumin. Still, each 
individual JW would decide whether to accept it or not based 
on the religious conscience of each individual witness (38). 

Methods introduced to avoid blood use, such as 
maintaining iron stores, optimizing hemostasis, minimizing 
blood loss, and using cell salvage (CS), laid the foundation 
of the current practice of PBM. Moreover, restrictive 
transfusion thresholds were promoted by Dr. Aaron Tobian, 
at Johns Hopkins, by his landmark study that involved 117 
JWP who underwent surgery without transfusion. The 
inferior outcome was only for those with a postoperative 
hemoglobin level of 6.0 g/dL or lower (39).

Introduction of CS programs

Cardiovascular surgery became one of the most rapidly 
expanding medical fields in the mid-1950s. Priming the 
cardiopulmonary bypass (CPB) circuit with heparinized 
blood often leads to complications, including transfusion 
reactions. In 1957, Dr. Denton Cooley performed open-
heart surgery without the use of a blood transfusion. In the 
1960s use of a non-blood priming disposable oxygenator 
with 5% dextrose in water under normothermia became 
common practice (40-42). 

After the experience of more than 450 patients where 
surgery had been performed with a non-blood prime 
CPB, Dr. Cooley operated on seven JWPs without 
administration of blood before, during, or after the 
operation (43). It took bravery to push boundaries when a 
safety net of allogeneic blood was unavailable on standby. 
He subsequently documented more than 1,200 JWPs had 
cardiac surgery safely performed with low mortality (44). 
Dr. Cooley practiced surgical blood preservation techniques 
following basic postulates of pre-, intra-, and postoperative 
considerations (43). Although he entered history for 
performing the first implantation of a total artificial heart, 
he considered his primary contribution to medicine 
“reducing the need for blood transfusions in open-heart 
operations” (45). He is largely recognized as the ‘father of 
modern bloodless surgery’.

In the 1970s, Dr. Ron Lapin and anesthesiologist 
Dr. Fred Garcia established the Institute of Bloodless 
Medicine and Surgery (46). Dr. Ron Lapin, performed 
surgeries on severely anemic JWP. The group also explored 
fluorocarbons as a blood substitute (47). Many other groups 
worldwide followed suit (48). 

Several blood conservation techniques have been utilized 
to minimize allogeneic blood utilization during and after 

surgery including perioperative anemia management, 
preoperative autologous blood donation, intraoperative 
acute normovolemic hemodilution, and perioperative 
autologous cell salvage (PACS) (49,50). PACS has the 
benefits of providing “fresh” blood, avoiding the risk of type 
mismatch, RTTI, and minimizing the risk of transfusion 
reactions. PACS reduces the risk of alloimmunization 
to RBCs, platelet, and leukocyte antigens. Another 
consideration is for patients with rare blood types or those 
who developed multiple alloantibodies. 

Intraoperative blood salvage is performed by aspirating 
heparin or citrate anticoagulated blood is from the operative 
field, separating, washing, and concentrating salvaged RBCs 
for re-infusion (51). Reinfusion may be delayed for up to 
six hours and occurs through a 40-micron microaggregate 
or leukocyte depletion filters. CS either during surgery or 
postoperatively is usually acceptable to JWP but are matters 
of individual choice (52). There is a Hospital Information 
Desk that can connect JWP with Liaison Committees at 
any time to offer advice (53). Contraindications to CS can 
be defined as absolute or definitive, principally due to red 
cell lysis that can cause end-organ damage upon reinfusion. 
Absolute contraindications include salvaged blood mixing 
with hypotonic solutions, or toxic solutions (sterile water, 
hydrogen peroxide, alcohol, povidone-iodine). A long list 
of relative contraindications encompassed CS admixing 
with contaminants like body fluids, tissue debris, infectious 
agents, malignancy, pharmacological agents, particularly 
hemostatic agents (topical thrombin, fibrin glue), bone 
cement, as nicely discussed by Esper and Waters (54). 
Caution should be exercised for postpartum hemorrhage, 
hemoglobinopathies, and cold agglutinin disease (54). 
Surgical blood conservation preserves precious allogeneic 
blood resources, especially during national shortages and 
limited supply. 

Complications of perioperative CS include coagulopathy, 
transfusion-related volume overload, bacterial contamination, 
and embolism with air, fat, or cellular macroaggregates (55). 

Several national and international professional societies 
that emphasize PBM recommend establishing written 
policies and procedures for properly collecting, labeling, 
storing and infusing the CS collected blood (56-58). 

Human immunodeficiency virus (HIV) in the 
blood supply

The US national survey of blood collections and 
transfusions in 1979–1980 found that by converting to 
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voluntary blood donors and implementing a screening test 
for hepatitis B surface antigen, the national blood supply has 
become safe (59). There was a doubling in the collection of 
blood and blood components between 1971 and 1980, thus 
ensuring an adequate blood supply (60) (Figure 1).

In June 1981, the first reports of a new opportunistic 
disease in homosexual men emerged (60). By 1983, 
epidemiological evidence and investigations by the Centers 
for Disease Control and Prevention strongly suggested 
that the agent causing acquired immunodeficiency 
syndrome (AIDS) was transmitted through blood and blood 
components, or in other words, the agent was a RTTI (63). 
This was based on two findings: first, AIDS was reported in 
hemophilia patients who had received antihemophilic factor 
concentrate transfusion but otherwise did not belong to any 
previously defined ‘at risk’ group for contracting AIDS; and 
second, the pattern of AIDS was epidemiologically similar 
to hepatitis B, another known RTTI (63). 

The official recommendations were first promulgated by 
the Public Health Services, Assistant Secretary for Health 
for preventing AIDS in March 1983, and the Food and 
Drug Administration that codified safe practices for blood 
and plasma collection (63). These included questions to 
eliminate high-risk groups such as recent immigrants from 
Haiti, intravenous (IV) drug users, and those with exposure 
to patients with AIDS or early symptoms of AIDS; but 
questions about high-risk sexual encounters were largely 

evaded (60). 
A blood test  for HIV [known as human T-cel l 

lymphotropic virus (HTLV)-III at that time] became 
available in 1985, and immediately all donated blood units 
began to be tested for HIV antibodies (63). The ensuing 
“look back” to identify patients who might have received 
HIV—positive blood units and the many subsequent court 
cases have kept the public fearful for many years of the 
safety of blood transfusions (59). 

The HIV epidemic had wide-ranging effects on the 
US national blood supply. The public, in general, as well 
as patients and blood donors in particular, had concerns 
about the safety of the blood supply and acquiring HIV 
infection through blood transfusion or blood donation (59).  
Physicians, increasingly aware of the risks of HIV and 
other RTTIs, started reevaluating the risks versus benefits 
of transfusions and turned to substitute therapies that also 
included avoiding blood transfusions altogether (64). 

A series of national surveys were conducted to evaluate 
the transfusion and blood collection activities in US post-
discovery of HIV/AIDS. The most striking finding of 
surveys were conducted between 1982–1988 (64). was 
the discovery that the number of allogeneic blood unit 
collections peaked in 1982 and declined steadily through 
1988. Perioperative autologous donation (PAD) by patients 
scheduled for elective surgery increased rapidly from 1984 
through 1987. Linear projections based on the national rates 
for RBC transfusions between 1971 to 1984 suggested that 
transfusion rates were 15% lower in 1987 and continued to 
decline in 1988.

Many of the “basic indications” for transfusions started to 
be reconsidered. A National Institutes of Health consensus-
development conference in 1984 on “Fresh-Frozen Plasma: 
Indications and Risks” concluded that plasma should not 
be used as a nutritional source or volume expander (65). 
Concerns about the blood supply were not confined to the 
US. In 1997, Justice Krever’s Commission report led to 
50 recommendations and results in the implementation of 
blood conservation initiative in Canada.

These changes were a reflection of the increasing 
concern on the part of physicians and patients about the risk 
of acquiring AIDS through blood transfusions. The changes 
coincided with advances in knowledge about transfusion-
associated AIDS. Considerations of blood safety, particularly 
about the risks of RTTI, were given more weight in the 
transfusion decision; as a result, allogenic RBC transfusions 
declined, and increasing numbers of patients deposited 
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their own blood in advance of surgery for autologous blood 
transfusion (ABT).

Rise and fall of ABT

Transfusion of blood has been an important treatment 
modality in medical practice. But at times, it has been 
questioned and re-evaluated in response to numerous 
concerns about the safety of allogeneic blood (66), increased 
mismatch between the availability and demand of blood (67),  
and growing knowledge about the immunomodulatory 
effects of allogenic transfusions (68). 

Initial concerns were of transmission of hepatitis viruses, 
HIV, and HTLV from receipt of allogenic transfusions. 
The introduction of screening tests for RTTI of high 
sensitivity has reduced the risk of transfusion but added to 
the cost of processing each unit (69). In recent years, several 
modifications such as leukodepletion, pathogen reduction 
technology, and irradiation have been introduced to further 
reduce the risk allogeneic transfusions; however, each adds 
to the cost of one blood unit (69). It has been calculated 
that the cost of blood to a patient is three to five times that 
of hospital acquisition costs when direct and indirect costs 
are included (70).

ABT re-emerged as the new standard of transfusion 
practice and was endorsed widely as the safest form of 
transfusion in the 1980s when it was widely endorsed as 
the safest form of transfusion. The primary driving force 
for the re-emergence of ABT was the risk of transfusion-
transmitted infections such as HIV and to conserve the 
precious blood inventory (71). 

The possibility that autologous blood donors harbor 
viral agents, including HIV, was never considered initially. 

However, as the seroprevalence of HIV continued to increase 
and ABT continued to grow, the risk of autologous blood 
donors being infected with HIV or another RTTI, its 
collection, storage, and transfusion raised complex medical, 
ethical, and legal issues (72). This included, “Is there medical 
utility of ABT in HIV-positive patients? Is there an ethical 
mandate to exclude such ‘dangerous’ autologous units 
from the blood inventory? Is there a risk of HIV-positive 
autologous unit to be accidentally transfused to an HIV-
negative recipient? Should infectious disease marker testing 
of autologous blood be mandated? Are universal precautions 
adequate to protect personnel involved in the handling of 
HIV-positive units?”. A survey of the American Red Cross 
Blood Services between April 1993 and March 1994 showed 
that, on a unit-by-unit basis, the HIV positivity rate for 
autologous blood donations was 1 in 10,000 as compared to 1 
in 25,000 for allogeneic blood donations (72). 

Though ABT reduces the risk of alloimmunization and 
related adverse transfusion reactions, but it does not reduce 
the patient’s risk of receiving the wrong unit of blood nor 
guard against bacterial infection of the donated units, a risk 
similar to allogeneic blood (73). There are both advantages 
and disadvantages of ABT (Table 1).

Clinical trials of ABT are mostly small and low quality, 
and hence the evidence of risks outweighing the benefits 
is low on evidence. Systematic reviews of published trials 
found no significant reduction in allogenic transfusions 
compared to standard care or other blood conservation 
techniques, and safety of acute normovolemic hemodilution 
(ANH) remains unclear (74). Given the present-day safety 
of allogenic transfusions from RTTI, the rationale, safety, 
and cost-effectiveness of routine ABT have been severely 
questioned, and the British Committee for Standards in 

Table 1 A list of the advantages and disadvantages of ABT

Advantages Disadvantages

Reduced risk of RTTI More expensive

Reduced risk of alloimmunisation Needs additional coordination between surgery team and transfusion team

Safe transfusion in patients with multiple alloantibodies  
or rare blood group

Complex logistics of storage and issue

Reduced allogenic blood transfusions Higher risk for clerical errors

Conservation of blood inventory High rate of discard

Acceptable by some JWP Iatrogenic anemia may lead to transfusion

Reduced risk of allergic transfusion reactions Risk of bacterial contamination

ABT, autologous blood transfusion; RTTI, relevant transfusion-transmitted infection; JWP, Jehovah’s Witness patients.
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Haematology guideline on ABT only recommends its use in 
“exceptional circumstances” (75). 

Rise of blood conservation programs and 
professional societies 1990s–2010

As discussed earlier, the emergence of AIDS was an era of 
concern for transfusion. This led to efforts to rationalize 
the need for a blood transfusion, renewed interest in blood 
alternatives, and bloodless surgery. With Denton Cooley 
performing the open-heart surgery without the use of blood 
transfusion, new horizons began to appear that showed 
a glimpse of a world devoid of complications of blood 
transfusion (45). As the 20th century ended and the 21st 
century began, blood management was now beginning to be 
considered as a “standard of care” and various organizations 
embarked on the journey to support research into this area. 
The notable professional societies that heralded this change 
toward blood management are listed in Table 2. In 1988, 
Dr. James Isbister from Australia put forward his point of 
view about a paradigm shift in blood transfusion (74) where 
he advocated that “transfusion services should be recipient 
oriented”. Continuing this journey, in 2005, he coined the 
term “Patient Blood Management” (PBM) (75) and drove 
home the point of changing the focus from the product to 
the patient. Notable contributions in PBM have been made 

by the Network for the Advancement of Patient Blood 
Management, Haemostasis and Thrombosis (formerly the 
Network for the Advancement of Transfusion Alternatives) 
NATA which was established in 1998 (76) and National 
Blood Authority, Australia (NBA) which was formed by the 
National Blood Authority Act [2003] (77).

The Society for the Advancement of Patient Blood 
Management (SABM) [established as Society for the 
Advancement of Bloodless Medicine and Surgery (SABMS) 
in 2000] has brought in various PBM programs and free 
access standards that have even been translated into 
multiple languages, including Portuguese, Korean, Chinese, 
Nepalese and Spanish. Joining forces in this endeavor, 
Association for the Advancement of Blood and Biotherapies 
(AABB) and The Joint Commission have partnered to 
provide the PBM Certification in order to reduce blood 
wastage and improve patient outcomes. An emphasis is now 
made that transfusion should only occur when appropriate 
as there is increased morbidity and mortality with each unit.

Current era and a look ahead—today and beyond

Data mining

A high-quality transfusion related data collection, including 
well defined patient outcomes, trough systematic approach 
of data mining, and big data analysis can support a next 
phase of PBM evolution. Historical observational data 
modulated both increase or decrease of transfusion 
utilization. The mortality rate of wounded men who reached 
hospitals alive in World War II was less than half compared 
with the great war (World War I); in part attributed by 
the availability and liberal use of blood and plasma (78). 
Development of sustained blood donation programs 
increased general blood availability. In turn, readily available 
blood for transfusion supported the evolution of many 
surgical advances and supported therapy for hematologic 
diseases and cancer. As transfusion indications broadened 
and shifted from preventing exsanguination to maintaining 
the perioperative hemoglobin target. An increased number 
of transfusions surfaced additional transfusion-associated 
risks such as RTTI, adverse events, and errors. Change in 
perceived benefit/risk ratio of transfusion in turn, shifted 
the decision pendulum toward more conservative allogeneic 
transfusion and rise in ABT (Figure 1). Improving 
transfusion safety through RTTI testing in the next wave 
reassured community of blood safety. This observation led 
to a rebound of allogeneic transfusions and a steady decrease 

Table 2 Professional societies that emphasize PBM and other 
important resources 

Professional society QR code

International Foundation for Patient Blood 
Management (IFPBM)

Society for the Advancement of Blood 
Management (SABM)—includes SABM 
Administrative and Clinical Standards for Patient 
Blood Management Programs 5th Edition

Network for the Advancement of Patient Blood 
Management, Haemostasis and Thrombosis 
(NATA)

AABB and The Joint Commission PBM 
Certification

PBM, patient blood management; QR, quick response; AABB, 
Association for the Advancement of Blood and Biotherapies.
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in hospitalizations reporting ABT (approximately 20 folds 
decrease over 20 years from 1995 to 2015). Preoperative 
autologous donations increased from 1984 peaked in 1994, 
and then steadily declined (49). 

Perceived benefits and risks evolved through observations, 
observational studies and randomized clinical trials  
(RCTs) (79). Multiple large RCTs support a restrictive 
hemoglobin threshold for RBC transfusion (80,81). Although 
RCT less prone to bias, have impediments due to insufficient 
sample size, inadequate patient selection, and poor endpoint 
definitions. In addition, overlooking important covariates 
(that modify exposure and outcome) and confounders 
(that influence both the exposure and outcome, causing a 
spurious association) could be detrimental to the meaningful 
interpretation of results (82-84). 

With a standardized electronic multicentric data collection 
and sharing—the holy grail of transfusion medicine is within 
reach (85). A controlled data collection obtaining reliable 
and actionable real-world data allows goal-directed analysis. 
Hospital clinical information system (CIS) and laboratory 
information system (LIS) with well-defined data acquisition 
can collect a massive amount of relevant data. In addition, 
standardized hospital data can be combined in national or 
international data repositories that can be analyzed to make 
more meaningful observations (86-88). 

Building a data analytics platform accounting for patient 
privacy, can develop quality tools to improve patient 
outcomes and treatment efficiency (89). Big data analysis 
can emulate a RCT with a retrospective analysis framed 
around specific rules eliminating bias (90). 

A proactive approach to documenting the effects of PBM 
implementation is supported by defining PBM-related 
metrics, hospital transfusion practice audits correlated with 
benchmarking, and patient outcomes (91). Internal and 
external benchmarking for selected surgical procedures 
add valuable context to implementing best practices alerts 
(BPAs) (92). A study analyzing allogeneic transfusions and 
the clinical outcomes in over 400,000 hospital admission 
from 2010 to 2018 documented an absolute risk reduction, 
a drop in the number of blood products transfused, and a 
decrease in adverse events with PBM implementation (92). 
However, more granular information could be derived from 
correlating multivariate clinical outcomes. The expanded 
list of patient outcomes in big data collections can be 
obtained through International Classification of Diseases, 
10th Revision (ICD-10) codes and includes but is not limited 
to mortality, morbidity, infections (sepsis, pneumonia), acute 
renal failure, acute myocardial infarction, acute ischemic 

stroke, thrombotic outcomes, length of hospital stay/time 
in the intensive care unit, hemovigilance data, transfusion 
reactions, transfusion-associated cardiac overload, 
transfusion-associated acute lung injury, and RTTIs (93,94). 

Considerable heterogeneity is associated with transfusion 
practice globally. This variability of acceptable transfusion 
practice presents an opportunity for PBM programs to 
align with best practices and reduce transfusions (88). A 
next-generation benchmarking tool includes PBM real-
time data of individual patient records and individual 
provider generated data visualization of “Patients Like 
Mine” visualization in comparison to peer group, adding to 
learning and better decision making (95-97). 

Digital algorithms and artificial intelligence (AI) 

Substituting legacy methods, AI has reformed our world. AI 
has been harnessed to empower the applications of PBM. 
Efforts have been employed to incorporate machine learning 
into the clinical decision-making for transfusion, using data 
sets (98,99) and stochastic dynamic programming to predict 
need and optimize ordering (100,101) Methods studied 
include logistic regression, random forests, artificial neural 
networks (ANNs), and gradient boosting (102). For example, 
ANNs offer an acceptably reliable mechanism to evaluate 
the potential for perioperative transfusion across a broad 
spectrum of surgical interventions preoperatively including 
reducing unnecessary crossmatching and the number of 
times when there are out-of-stock blood components 
(94,103). AI will not replace informed clinical decisions 
but will support the medical practice, including transfusion 
medicine to be more cost-effective and personalized. 

Some organizations supporting PBM have implemented 
smart applications as less sophisticated and probably 
less costly methods for PBM applications. The blood 
component app, is a mobile and web-based application 
created by a collaboration between the NHS Blood and 
Transplant, the National Blood Transfusion Committee, 
the British Society for Haematology, and the National 
Institute for Health and Care Excellence. It provides 
guidelines to support safe and appropriate use of blood  
components (104). The iTransfuse app is another example 
of a PBM application developed by the Australian Red 
Cross (105). Iron deficiency anemia (IDA) algorithm 
app is another application from Australia provided by 
the Department of Health & Wellbeing that provides an 
accessible tool to increase understanding of the diagnosis, 
investigation, and management of IDA (106). These 
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applications are free, user-friendly, and easily accessible. 
They can be installed by users on their smart mobile 
phones. However, consistency in patient care is less likely to 
be achieved when compared to built-in software (Table 3).

Controversies in PBM—does PBM really 
decrease transfusion?

Despite the global advocacy for PBM among the World 
Health Organization (WHO) and the healthcare systems, 
strong evidence is weak as per the current grading system. 
No randomized controlled studies evaluated the effect of 
PBM as a bundle. Nevertheless, are RCTs the only reliable 
approach to prove the effectiveness of PBM? Is conducting 
such studies feasible or ethical? In fact, the idea that only 
randomized, controlled trials produce reliable results 
is misleading (99), especially since one always needs to 
consider the unforeseen risks of transfusion. 

Specific PBM measures, such as maintaining hemoglobin 
concentration, optimizing hemostasis, and minimizing 
blood loss, did not demonstrate enhanced risk-benefit 
ratio, cost-effectiveness, and improvement of the patient 
outcome on the RCT level, and much of the research has 
shown less patient exposure to the blood products without 
a significant difference in patient outcomes (107-109). 
Many studies have linked preoperative anemia to poor 
perioperative patient outcomes (110). It should be noted 
that trials to reverse anemia with preoperative iron and 
erythropoietin stimulating agent therapy against liberal 
transfusion thresholds have not shown a superior patient 

outcome (111). The Preoperative Intravenous Iron to Treat 
Anaemia Before Major Abdominal Surgery (PREVENTT) 
trial compared the effect of IV iron with placebo in anemic 
patients undergoing abdominal surgery and reported 
improved hemoglobin levels in the intervention groups. 
However, both groups had similar blood transfusions and 
serious adverse events (112). It should be noted that the 
subgroup analysis revealed a cohort of approximately 30% 
who were not iron deficient in the first place. A smaller 
trial of 72 patients in Australia found that IV iron for 
patients with IDA (ferritin <300 μg/L, transferrin saturation 
<25%) did reduce perioperative blood transfusion (12% vs. 
31%) and shorter hospital length of stay but without any 
differences in other patient outcomes (113). Adding to that, 
the cause of anemia cannot be explained in many vulnerable 
populations. In approximately one-third of elderly patients 
with anemia, the etiology of anemia cannot be attributed 
alone to limited hematinic absorption or functional iron 
deficiency and might not respond to oral or parenteral 
hematinic replacement. Therefore, it is called “unexplained 
anemia of the elderly” (61,62). 

Most studies compare restrictive vs. liberal thresholds. 
However, in actual practice, the optimal threshold for 
hemoglobin might vary among various patient populations 
and with various medical and surgical interventions. The 
goal of transfusion is not a target number; it is to provide 
adequate tissue oxygenation according to the metabolic 
demands of that specific patient, which is difficult to 
measure in these studies. Therefore, the use of those 
markers that show the balance between tissue oxygen 
delivery and consumption, rather than strict hemoglobin 
values, recently were suggested as triggers for RBC 
transfusion (114,115). 

The use of CS might maintain hemoglobin levels 
and reduce allogeneic blood transfusion but could alter 
hemostatic function, especially when larger volumes are 
infused, as the processing of salvaged blood causes loss of 
coagulation factors and platelets as a result of consumption, 
dilution, activation of fibrinolysis (116). The amount 
of reinfused salvaged blood volume that could lead to 
coagulopathy is unknown. A lower number of administered 
blood products can, however, reduce cost (117). However, 
calculating the extent of cost-reduction is variable prone 
to bias (118). Finally, the evidence is much more uncertain 
about the effect of PBM on plasma and platelet transfusions, 
and because blood products are of limited resources, wise 
utilization, regardless of PBM, is required.

Table 3 PBM apps 

App QR code

The blood component (96) 

iTransfuse (97) 

IDA algorithm (98) 

PBM, patient blood management; QR, quick response; IDA, iron 
deficiency anemia.
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Conclusions

While the composition of human blood has not changed 
since James Blundell performed the first human-to-human 
transfusions more than two centuries prior, knowledge of 
indications and appropriate use has evolved through the 
development of PBM. It encompasses both the judicious 
use of transfusion as well as the appropriate treatment of 
those patients for whom blood is not an option. The future 
is bright for PBM as technological advances allow for high-
quality data collection, data mining, and big data analytics 
that can promote informed PBM healthcare decisions. PBM 
apps allow global access to guidelines to support safe and 
appropriate use of blood components to anyone with access 
to a smartphone. It is encouraging that the most recent 
National Blood Collection and Utilization Survey data 
show Shows continued stabilization in transfusions US (119). 
This marks the first time since 2008 that blood collections 
in US have not decreased year-to-year. This also suggests 
that a plateau has been reached for both blood collection 
and use. PBM programs and restrictive use of transfusions 
in surgical settings have likely contributed historically to 
decline in blood use (119). Despite the global advocacy for 
PBM among the WHO and the healthcare systems, strong 
evidence is weak as per the current grading system, as no 
RCTs evaluated the effect of PBM as a bundle (120).
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